€ 
imeering 
VEE WwW 


APRIL, 1954 


nautical 
“ES x 
» 
4 
q 
t Yr 
ICAL 
i 
| 
| | 
| | 
| | 


100 Complicated Math | 
Problems-Per-Minute 
Are Solved For Him 
AUTOMATICALLY ! 


Vol. 1 
As jet-powered planes streak to new altitudes and 


speeds, they undergo split-second changes in 
temperature, pressure and moisture conditions. 
These changes create a flood of amazingly com- 
plex fuel metering problems. Adding to the com- 
plication are the pilot’s changing demands from 


his engine. 


Solving these fuel metering problems is equiva- 
lent to solving one hundred computations every 
60 seconds! The Holley Turbine Control was 


developed to do the job. 


Manufacturing the Holley Turbine Control re- 
quired highly specialized skills, too. Working to 
extreme tolerances, Holley’s manufacturing divi- 
sion has produced precision turbine controls for 


thousands of the nation’s jet engines. 
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11931 NINE MILE ROAD 
VAN DYKE, MICHIGAN 


LEADER IN THE DESIGN, DEVELOPMENT AND MANU- 
FACTURE OF AVIATION FUEL METERING DEVICES 
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Cover—tThis is an exact scale model of the new four-jet 190,000-lb. 
transport-tanker prototype, being built by Boeing Airplane Company at 
its Renton, Wash., plant. America's first jet-powered transport, it repre- 
sents a private investment by Boeing of more than $15,000,000. The ship 
is 128 ft. long, has a wing span of 130 ft., and has a cruising speed in 
the 550-m.p.h. class. Another photograph of this Boeing prototype may 
be found on page 84 of this issue. 
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1.A.S. News Notes 


April 1954 


"AVIATION AND ELECTRONICS LOOK AHEAD" 


This is the theme of a joint two-day meeting being held at The Frank- 
lin Institute, Philadelphia, Pa., on April 22 and 23. Sponsoring organi- 
zations are the Philadelphia Section of the IAS; Franklin Institute R. & 
D. Laboratories, Philadelphia Chapter of the IRE; and the Radio Technical 
Commissionfor Aeronautics. A receptionand buffet supper onthe 22nd, 
and luncheons on both days, are included in the program, 


FOURTH ANNUAL WEST COAST STUDENT CONFERENCE 


Eleven colleges and universities willbe representedat the IAS West 
Coast Student Conference in Los Angeles May 6-8. In addition to the 
presentation of papers, awards, and a banquet at the IAS building, the 
programwill include fieldtrips to Douglas and Lockheed plants, Western 
Airlines, UCLA, and Cal Tech. 


IAS ST. LOUIS SECTION STUDENT COMPETITION 


The first annual Student Paper Competition presented by the St. Louis 
Section will be climaxed with the presentation of winning papers ata 
dinner meeting on May 26. Invitations to participate have been extended 
to undergraduate students at engineering colleges throughout the Midwest. 
Anyone desiring further information should contact C. D. Lundergan, 
Parks College of St, Louis University, East St, Louis, Illinois. 


* KK KK 


NEW IAS CORPORATE MEMBERS 


The U.S. Rubber Co., 1230 Ave. of the Americas, New York 20, N.Y. 


R. Dixon Speas, Aviation Consultant, P.O. Box 695, LaGuardia Airport 
Station, Flushing 71, N.Y. 


OK KK OK 


NATIONAL MEETINGS CALENDAR 


June 21-24 AnnualSummer Meeting, IAS Building, 7660 Beverly Blvd. , 
Los Angeles, California. 


Aug. 9-11 Turbine Powered Air Transportation Meeting, Seattle, 
Washington. 
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1.A.S. News Notes (con’t.) 


Apr. 


Apr. 


Apr. 


Apr. 


Apr. 


Apr. 


Apr. 


Apr. 


Apr. 


CALENDAR OF SECTION MEETINGS 


6--Baltimore Section: The Johns Hopkins University. Meeting, 8:30 
p.m, 'The Upper Atmosphere; Where the Meteorologist Stands 
Today'' by Brig. Gen. Thomas S. Moorman, Jr., Deputy Com- 
mander, USAF Air Weather Service. 

6--San Diego Section: IAS Building. Meeting, 7:45 p.m. ''Landing 
Gear Design" by Wilfred Nugent, Senior Design Engineer, Convair. 

7--Philadelphia Section: EngineersClub. Dinner, 7:00 p.m. ; Meet- 
ing, 8:00 p.m. Speaker, Frank Piasecki, Chairman ofthe Board, 
Piasecki Helicopter Corp. Subject not known at press time. 

14-Niagara Frontier (formerly Buffalo) Section: Memorial Hall, 
Tonnewanta Veterans Club, Kenmore, N.Y. Meeting, 8:30 p.m. 
"Naval Aviation in Korea'' by Vice Adm, John D. Moss, USN 
(Ret. ), Bell Aircraft Corporation. 

15--Los Angeles Section: IAS Building. Social hour, 6:00 p.m. 
Dinner, 7:00 p.m. ; Meeting, 8:15 p.m, ''Living Through 100 g's" 
by Lt. Col. John Paul Stapp, USAF (MC), Holloman AFB, N. M. 

22--New York Section: Fairchild Engine Division, Fairchild Engine 
and Airplane Corporation, Farmingdale, L.I., N, Y. Subject, 
"Use of Small Turbojet Engines in Pilotless Aircraft.'' Hour of 
meeting and speaker(s) not known at press time. 

22--San Diego Section: IAS Building. Social hour, 6:30 p.m. ; Dinner, 
7:00 p.m, "Aircraft Flight Testing''by Capt. T. F. Connolly, USN. 

23--Hagerstown Section: Terrace Restaurant. Meeting, 8:00 p.m. 
Speaker, T. A. Harris, Chief, Stability Research Division, 
Langley Aeronautical Laboratory, NACA, 

28--St. Louis Section: Engineers Club. Meeting, 8:00 p.m. "Bound- 
ary-Layer Control Research with the Sailplane" by August Raspet, 
Head, Aerophysics Department, Engineering Research Station, 
Mississippi State College. 


.29--Los Angeles Section: IAS Building. Meeting, 7:30 p.m. '"Sim- 


plicity--Key to Producibility''by E. A. Green, Lockheed Aircraft 
Corporation. 

1--Los Angeles Section: IAS Building, Fifth Annual Spring "Test 
Hop;'' 9:00 p.m, to 1:00 a.m. Theme, ''May Day--Pre-Marxian 
Concept. '' Music by Ben Brown and his Orchestra. 


May13-- Los Angeles Section: IAS Building. Meeting, 7:30 p.m. 'Appli- 


May 


cations of Operations--Research Techniques of Airborne Weapons 
Systems Planning'' by RobertA. Bailey, Lockheed Aircraft Corp. 
26--St. Louis Section: Spring Dinner Meeting and First Annual Student 
Paper Competition. Location and time not known at press time. 


June 16-Washington Section: Inspection trip to Naval Air Test Center, 


Patuxent River, Maryland. 
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IAS News 


A Record of People and Events 
of Interest to Institute Members 


Notes on IAS Luncheon 
Speeches 


von Karman, de Florez, Lee, and Powers Present Luncheon 


Talks at Recent IAS Annual Meeting 


URING THE Twenty-Second Annual Meeting of the Institute of the Aeronauti- 
cal Sciences (January 25-29 at the Hotel Astor, New York), four well-attended 


luncheons were held. 
luncheons were: Dr. 
Karman, Chairman, Advisory Group 
for Aeronautical Research and De- 
velopment, North Atlantic Treaty 
Organization; Rear Adm. Luis de 
Florez, USNR, Chairman of the Board, 
The de Florez Company, Inc.; The 


Honorable Frederick B. Lee, Ad- 
ministrator, CAA; and Major Gen. 
Edward M. Powers, USAF (Ret.), 


Vice-President and General Manager 
of Curtiss-Wright Corporation’s Wright 
Aeronautical Division. 

Dr. von Karman spoke at the first 
of these luncheons, which was held on 
January 26. An IAS Honorary Fellow 
and Founder Member, Dr. von Kar- 
man discussed the organizational set- 
up of AGARD, its purposes, its accom- 


The Guests of Honor and Principal Speakers at these 
Theodore von — 


plishments of the past, and its plans for 
the future. 

At the second luncheon on January 
27, Admiral de Florez, an IAS Fellow 
and Founder Member, discussed the 
major role played by electronic devices 
in saving lives, time, and money in 
promoting aviation. He stated that, 
because of such considerations as ex- 
pense in developing various electronic 
devices, the pilot would remain an es- 
sential figure in aviation. It was the 
speaker’s suggestion that the extensive 
use of flight simulators in training pilots 
in emergency procedures would defi- 
nitely increase flight safety and could 
gain for the pilot those “few precious 
seconds that could mean the difference 
between life and death.’’ Admiral de 


The luncheon speakers at the recent IAS annual meeting are from left to right: 
Adm. Luis de Florez, USNR; The Honorable Frederick B. Lee; and Major 
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Florez declared that the use of electronic 
devices was so widespread that the air 
lines would be unable to conduct opera- 
tions without them. 


The third luncheon speaker was Mr. 
Lee, an IAS Honorary Member and 
Member, who opened his lecture on the 
‘‘Changing Role of the Federal Govern- 
ment in Aviation”’ by defining the CAA’s 
basic mission as fostering ‘‘the safe and 
rapid movement of aircraft on interstate 
routes.’ In the first part of his talk, he 
outlined the means now being used to 
increase safety and save both time and 
expense. This method involves dele- 
gating responsibility to CAA agents in 
the field and to industry for the proper 
certification of aircraft and aircraft com- 
ponents. In this regard, Mr. Lee 
stated that “‘the practice of designating 
industry personnel as CAA examiners 
has been extended to virtually every 
phase of safety activity.” CAA agents, 
he stated, are expected ‘“‘to be helpful 
counselors in the common cause of 
safety, with the ability to analyze and 
evaluate problems as they arise in the 
shop and in the air.”” In the second and 
concluding portion of his address, Mr. 
Lee touched upon the CAA’s operation 
of the Federal airways and the changes 
now being effected to meet more 
economically and efficiently the de- 
mands of a growing air traffic. 


Dr. Theodore von Karman; Rear 
en. Edward M. Powers, USAF (Ret.). 
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General Powers, AFIAS, the speaker 
at the final luncheon on January 29, 
gave a brief commentary on the history 
of flight and its future. He began by 
comparing aircraft of World War I and 
the 1920’s with those of the present 
day. He then went on to predict that 
“in some 10 or 15 years you gentlemen 
will come to regard the jet transport as 
a commonplace high-speed vehicle of 
transportation operating between large 
centers of population and long hauls.’ 
The speaker felt that ‘“‘aircraft will carry 
more and more of the freight and ex- 
press shipments of the world, for com- 
mercial and military purposes’ and 
that “‘the turbopropeller type of power 
plant has high promise for heavy load 
carrying in these fields, also for pas- 
sengers on certain routes.”” He em- 
phasized the continuing need for aero- 
nautical scientists and engineers to dedi- 
cate themselves ‘‘to research and devel- 
opment”’ and stated that those ‘“‘re- 
sponsible for design and development 
must devote a larger proportion of their 
time and talent to the producibility 
of models they deliver to the shop for 
production,” thus saving ‘‘time and 
money.”’ 


IAS Members Head National 


Aeronautical Honorary Society 


Sigma Gamma Tau, a national aero- 
nautical honorary society founded on 
February 28, 1953, at Purdue Univer- 
sity by the merging of Tau Omega and 
Gamma Alpha Rho, has elected four 
members of the Institute of the Aero- 
nautical Sciences to its executive staff. 
These are: National President, 
L. A. Comp, MIAS, Professor of 
Aeronautical Engineering, University 
of Oklahoma; National First Vice- 
President, Henry Burlage, Jr., MIAS, 
Assistant Professor of Aeronautical 
Engineering, Case Institute of Tech- 
nology; National Second Vice-Presi- 
dent, Melvin H. Snyder, Jr., MIAS, 
Associate Professor and Head of 
Aeronautical Engineering Department, 
University of Wichita; and National 
Secretary-Treasurer, Harry H. Hilton, 
MIAS, Assistant Professor—Aero- 
nautical Engineering, Department of 
Aeronautical Engineering, University 
of Illinois. 

This society now has 14 chapters in 
the United States. Membership in it 
is limited to students in Aeronautical 
Engineering or in Aeronautical Engi- 
neering options in accredited univer- 
sities or colleges who are Juniors, 
Seniors, or Graduate students of high 
scholastic ability and character. 


It is the desire of Sigma Gamma 
Tau to extend its scope of activities 
and open chapters at other accredited 
universities or colleges. Accordingly, 


any accredited university or college 
that wishes to obtain information rela- 
tive to opening a Sigma Gamma Tau 
chapter should contact Professor Hil- 
ton, the society’s National Secretary- 
Treasurer. 


Reaction Motors Joins IAS 


Reaction Motors, Inc., of Rocka- 
way, N.J., has become a Corporate 
Member of the Institute of the Aero- 
nautical Sciences. This corporation 
was the first in the United States to 
be established solely for the purpose of 
research, development, and produc- 
tion of rocket-type power sources and 
their accessory equipment. At the 
present time, liquid-propellant rocket 
engines are the primary product of the 
company’s operations. While the 
principal applications for such power 
sources are supersonic aircraft and 
guided missiles, other uses for rocket 
engines and related principles of high- 
energy combustion are under 
development. 


also 


Complete rocket engines are de- 
veloped, fabricated, assembled, and 
tested by the company. The design, 
development, and fabrication of ac- 
cessory control equipment, such as 
pressure regulators and sensors and 
pneumatic valves and switches, con- 
stitute another important product 
group. 

Reaction Motors also conducts re- 
search investigations relating to im- 
proved rocket-type propellants and 
propellant systems, rocket-engine de- 
sign parameters, the scope of rocket 
power applications, ete. Design stud- 
ies are conducted to investigate new 
and advanced techniques for improv- 
ing rocket-engine character- 
istics and for overcoming unusual 
problems, such as are presented by 
the high temperature of propellant 
combustion, the high speeds involved 
in exhaust velocities and gas-turbine 
pumps, and the high pressure in cylin- 
der operation. 


design 


A considerable portion of the com- 
pany’s activity includes testing of 
rocket engines, components, and ac- 
cessories, both on fixed test stands 
using the actual propellants and in the 
laboratory for hydrostatic and bench 
testing. 

In addition to the fabrication and 
assembly of rocket-engine compo- 
nents and accessories, Reaction Motors 
manufactures spare parts and special 
tools for field maintenance of rocket 
engines and overhauls engines used in 
field operations. 

Other company activities include 
engineering consultation and testing 
services, training programs for rocket 
specialists, and field service represen- 
tation. 


1954 


Dr. C. C. Furnas, FIAS, Director, Cornell 


Aeronautical Laboratory, Inc., has been 
appointed Chairman of the recently formed 
Technical Advisory Panel on Aeronautics 
of the Department cf Defense. The panel is 
composed of civilian scientists and experts. 
Its purpose is to develop technical advice as 
required in the fields of air frames, propul- 
sion systems, aerodynamics, and equipment 
and components for both piloted aircraft and 
guided missiles. The panel is working 
closely with the various military committees 
responsible for the actual execution of re- 
search and development programs. 


Eight Aeronautical Companies 
“Excellently Managed” 


According to a recent report, eight 
companies in the aviation industry 
have been certified by the American 
Institute of Management for its des 
ignation of ‘“‘excellently managed’’ 
for the year 1953. These companies 
are: American Airlines, Inc.; Douglas 


Aircraft Company, Inc.; Grumman 
Aircraft Engineering Corporation; 
Lockheed Aircraft | Corporation; 
North American Aviation, Inc.; 


Sperry Gyroscope Company, Division 
of The Sperry Corporation; Thomp- 
son Products, Inc.; and United Air 
craft Corporation. 


Penn State to Present Short 
Courses 


The Pennsylvania State University 
will present two 5-day courses de 
signed to give a broad coverage of high 
temperature properties of materials 
and the mechanics of creep by 
including physical, metallurgical, and 
design aspects of these subjects. 
The first course, which will be on 
“High Temperature Properties of 
Materials,’’ will be held at Penn State 
between June 21 and 25. The second 
course, ‘‘Mechanics of Creep,” will 
be conducted at the university from 
June 28 to July 2, inclusive. Author- 
ities from industrial, Governmental, 
and educational institutions will de 
liver the lectures for both courses. 
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For further information, please 
write to Dr. Joseph Marin, Depart- 
ment of Engineering Mechanics, The 
Pennsylvania State University, State 
College, Pa. 


Necrology 
Noel W. Bouley 


Noel Warner (Jeff) Bouley, MIAS, 
Assistant Chief Engineer, San Diego 
Division, Consolidated Vultee Air- 
craft Corporation, died on January 24 
in Scripps Memorial Hospital, San 
Diego, after a brief illness. 

Born in Aberdeen, S.D., on March 
10, 1907, Mr. Bouley received his B.S. 
degree in Aeronautical Engineering 
(cum laude) in 1933 from the Univer- 
sity of Washington. 

After graduating from Washington, 
he became a member of the Engineer- 
ing Department of Boeing Airplane 
Company. He left Boeing in 1936 to 
begin an association with Convair 
which lasted until his death. He be- 
gan with Convair as a Layout Drafts- 
man. In 1943, he was appointed 
Project Engineer of the corporation’s 
New Orleans Division; he was made 
its Chief Division Engineer the fol- 
lowing year. In 1945, he was trans- 
ferred back to the company’s San 
Diego Division as Design Group 
Engineer. Between 1946 and 1948, 
he was Project Engineer, and in 1948, 
he became Chief Project Engineer. 
He was appointed Assistant Chief 
Engineer in 1951. 

Mr. Bouley is survived by his widow, 
Mrs. Claudia Higgins Bouley, and by 
two sons, Leon Nelson and Richard 
Frederick Bouley. 


Volney C. Finch 


Volney Cecil Finch, MIAS, Pro- 
fessor of Mechanical Engineering, 
Stanford University, died on last 
November 9. He was 61 years of age. 

A native of Smith River, Calif., 
Professor Finch received his S.M. 
degree in Aeronautical Engineering 
in 1927 from Massachusetts Institute 
of Technology. He entered the U.S. 
Navy in 1917 and was trained first as 
a Naval Aviator and later as an Engi- 
neering Officer. He remained .on 
active duty with the Navy until 
1929, when he resigned to become 
Chief Engineer with Aerco Safety 
Rating Company. 

He first became associated with the 
academic world in 1930 as Head of the 
Aeronautical Engineering Department 
—with the rank of Professor—at 
Alabama Polytechnic Institute. In 


IAS NEWS 


1933, he joined the faculty of Stanford 
University as Professor of Mechanical 
Engineering. Except for the period 
from 1941 to 1946 when he returned 
to active Naval duty, he remained at 
Stanford until his death. 


Richard L. Morgan 


The death of 2nd Lt. Richard 
Lester Morgan, USAF, TMIAS, on 
January 7 has been reported. 
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Lieutenant Morgan was born on 
July 3, 1931, at Mattoon, Ill. He at- 
tended high school at Mattoon, com- 
pleting his work there in June, 1949. 
He then matriculated at St. Louis 
University and was graduated in 
June, 1952, from Parks Air College 
with a B.S. degree in Aeronautics. 
He entered the Air Force shortly 
after his graduation and was trained 
as an Air Force pilot. 


News of Members 


p A. Francis Arcier (AF) recently 
received the Meritorious Civilian Serv- 
ice Award, the USAF’s second highest 
civilian honor, for his outstanding 
performance of duty as Scientific 
Advisor at the Air Technical Intel- 
ligence Center, Directorate of In- 
telligence, USAF, Wright-Patterson 
AFB, Ohio. Mr. Arcier has held this 
post for the last 4 years. His vast 
scientific knowledge and understand- 
ing was credited with greatly advanc- 
ing the Air Force’s intelligence pro- 
gram. 


>» Dr. Daniel P. Barnard (AF), Re- 
search Coordinator, Standard Oil 
Company (Indiana), was sworn in on 
February 1 as Deputy Assistant Sec- 
retary of Defense (Research and De- 
velopment). Dr. Barnard is an IAS 
Founder Member. 


> Harlan D. Fowler (AF) is now an 
Aeronautical Consultant specializing 
in the field of boundary-layer control 
for high lift, low drag, and stability. 
The emphasis, Mr. Fowler states, is on 
the practical aspect of power sources, 
economy of operation, and design 
problems associated with this impor- 
tant phase of development. He is 
now located at the Alban Towers, 
Washington 16, D.C. 


> Roswell W. Gilbert (M) was re- 
cently appointed Assistant to the 
President, Weston Electrical Instru- 
ment Corporation. In addition to 
this new post, Mr. Gilbert is contin- 
uing to serve as Director of Research 
at Weston. 


> Najeeb E. Halaby, Jr., MIAS, 
Deputy to the Assistant Secretary of 
Defense for International Security 
Affairs, was awarded the Department 
of Defense Certificate of Apprecia- 
tion. The presentation was made by 
Secretary of Defense Charles E. Wil- 
son, HMIAS, during a ceremony held 
at the Pentagon last January. 

> Hall L. Hibbard (F), Vice-President 
—Engineering and a Director, Lock- 


heed Aircraft Corporation, was re- 
cently elected to directorships in 
Lockheed Aircraft Service and its 
subsidiaries, Lockheed Aircraft Serv- 
ice-International and Lockheed Air- 
craft Service-Overseas. 


>» Colonel Paul H. Kemmer, USAF 
(Ret.) (F), has been appointed to the 
newly created post of Chief Designer 
in Ryan Aeronautical Company’s 
Engineering Division. Since retir- 
ing from the Air Force in 1949, 
Colonel Kemmer has been an Aero- 
nautical Consultant with private firms. 


> James H. Kindelberger (HF), 
Chairman of the Board, North Ameri- 
can Aviation, Inc., recently received 
Italy’s highest civilian award, the 
order “Al Merito Della Repubblica 
Italiana.”” This presentation was 
made to Mr. Kindelberger ‘“‘for his 


(Continued on page 80) 


Gilbert DeVore, MIAS, who until re- 
cently was a CAA Flight Test Engineer, has 
established the DeVore Engineering Service 
at 200 West 57th St., New York 19. Mr. 
DeVore, now a Consultant to the helicopter 
industry and specializing in civil aviation, is a 
CAA Designated Engineering Representa- 
tive (DER). 
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Editorial 


OUR CHIEF STOCK-IN-TRADE | 


Th 
an 
Dyed STOCK-IN-TRADE of all organizations such as th 
ours can be labeled ‘‘MEETINGS.” This is the as 
principal thing we have to “‘sell.’’ Only insofar as our | Af 
meetings are good meetings will they be “bought” 
by our customers—the IAS Membership. in 
We think that those who attended the Institute's m 
I'wenty-Second Annual Meeting received full value for ha 
Rope ee their money. There were weak spots, of course, but pu 
by-and-large—judging from the attendance, the par- se 
ticipation in discussions, and the comments received— it ca 
‘ was a good meeting. Full marks go to IAS Secretary, pa 
“Bob” Dexter for this happy result, for on his shoulders to 
BERS: always falls the responsibility for organizing the ses- de 
q sions, bludgeoning Speakers into Speaking and persuad- 
ing Chairmen to occupy Chairs. With an industry as 
. Bao: diversified as this one, with a membership ranging all th 
the way from the longest of long hairs to the minimum to 
Cesc crew-cut, it is no easy job to keep everyone satisfied. Cé 
RE Dexter and his committees screened many scores of ' p! 
papers from which the 70-odd presented were selected. al 
After nearly 15 years of experience, he can qualify as ti 
an expert at this business (even zmside the 50-mile-from- m 
home radius!) as the results of these meetings will te 


testify. 


Of course, this sort of thing is not a one-man show. 
The people who prepared and presented the papers 
and took part in the discussions put the real meat on 
the bare bones of the meeting framework. To them, 
as always, our profound thanks and appreciation. 
After all, it is your Institute. 

As a matter of considerable gratification, IAS meet- 
ings have attained such stature that our members are 
more than willing to buy them “‘blind.’’ Witness what 
has happened at the closed meetings on aircraft pro- 
pulsion at Cleveland during the past few years, where 
security requirements have prevented any prepubli- 
cation of the program. In spite of continuously ex- 
panded facilities, the SRO sign is frequently up, and, 
to our knowledge, no ‘“‘customer’’ who attended has ever 
demanded his money back! 

Although we are indulging in a bit of self-induced 
‘“back-patting”’ at the moment, we are also fully aware 
that there are weak spots in every program, and we want 
to do our best to stiffen them up. The only way we 
can evaluate the success or failure of our meetings 
programs is from ‘‘customer reaction." So—our necks 
are always out and we welcome criticism or sugges- 
tions of any kind that will help us make every IAS 
meeting—national, regional, Section, or Branch—het- 
ter than any that preceded it. Your candid comments 
will help! 

S.-P.- J. 


| 
| 
: 


22ud Annual Meeting 


New York 
Jan. 25-29, 1954 


The Institute and the REVIEW are indebted to the individual 
chairmen of the various technical sessions at this year’s Annual 
Meeting—both for the excellent manner in which they conducted 
their sessions and for their cooperation in providing the following 
reports. 

Because of space limitations in the magazine and the unusual 
number of papers and sessions presented at this year’s meeting, it has 
been necessary to divide the publication of these summaries between 
this and later issues of the REVIEW. 

Many of the papers will be published in full in subsequent issues 
of the REVIEW and JOURNAL. Preprints of some of the 
papers are available. A list of these may be found on page 130 of 
the March issue of the REVIEW—Ed. 


Aeroelasticity—I 


By 
Martin Goland 
Associate Director for Engineering 
Sciences, Midwest Research Institute 


Four excellent papers were presented at this session, which 
opened the Twenty-Second Annual Meeting of the IAS. This 
year’s program contained two full sessions devoted to aero- 
elasticity, thus reflecting the increasing emphasis being 
placed on this subject within the industry. 

The first paper was by Raymond A. Pepping, Chief Dynam- 
ics Engineer, McDonnell Aircraft Corporation, entitled 
“A Theoretical Investigation of the Oscillating Control Sur- 
face Frequency Response Technique of Flight Flutter Test- 
ing.”’ Recognizing the importance of flight flutter testing 
and at the same time being aware of its difficulties and dangers 
to pilot and equipment, Mr. Pepping approached the problem 
of conducting such tests from a refreshing and fruitful point of 
view. By introducing artificial stability, whose characteris- 
tics are known, into the aircraft flutter system, flight testing 
under otherwise dangerous conditions is made possible. By 
using servomechanism techniques for data analysis, the effects 
of the artificially introduced stabilization elements on the 
stability of the system can be isolated from the test data, and 
an accurate estimate can then be made of the safety of the pro- 
totype aircraft design. In his paper, Mr. Pepping outlined in 
detail the mathematical foundations for his method and pro- 
vided an example of their application. 

“The Story of Shimmy” by W. J. Moreland, Chief, Me- 
chanics Research Branch, Aeronautical Research Laboratory, 
WADC, Wright-Patterson Air Force Base, was most effec- 
tively presented on behalf of the author by Norris W. Carlson, 
who was in charge of the experimental work for the program. 
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In addition to showing a spectacular film on shimmy, Mr. 
Carlson outlined a theory of landing-gear shimmy which ac- 
counts for the parts played by the tire, the air frame, and the 
gear proper. An elaborate series of analog computations 
were used to clarify the mechanism of shimmy, and the utility 
of the analysis was demonstrated in terms of certain design 
rules recommended for the avoidance of the phenomena. 
rhe program is indeed an impressive example of the combined 
utilization of dynamical theory, modern computer applica- 
tion, and excellent model testing. 


The last two papers were related to each other, in that both 
attempt the use of advanced probability theory for the solu- 
tion of dynamic loading problems in aircraft engineering. 
Professor John W. Miles, Consultant, Santa Monica Division, 
Douglas Aircraft Company, Inc., and Associate Professor, 
Department of Aeronautical Engineering, U.C.L.A., under- 
took the ambitious task of evaluating the fatigue life of air- 
craft structural components that are stressed by buffeting 
from jets. In his paper ‘An Approach to the Buffeting of 
Aircraft Structures by Jets,’ he makes use of Lighthill’s 
theory for jet noise, the dynamic response mechanism of a 
single degree-of-freedom representation of the structure dy- 
namics, probability theory, and the concept of cumulative fa- 
tigue damage. From these, Professor Miles deduced a number 
of design rules for the avoidance of fatigue flutter from jet 
buffeting. As the author points out, much remains to be 
done before quantitative design results are obtained, but in a 
most clear and lucid presentation, Professor Miles convinced 
all those in attendance of the power and utility of the newer 
probabilistic methods. 

The final paper was by H. Press and J. C. Houbolt, Langley 
Aeronautical Laboratory, NACA, entitled ‘Some Applica- 
tions of Generalized Harmonic Analysis to Gust Loads on 
Airplanes.”” Through the use of generalized harmonic anal- 
ysis techniques, the NACA has been making unusually ef- 
fective strides toward solution of the important problem of 
design for gust loads, and the paper by Messrs. Press and 
Houbolt reviews some significant applications made to date. 
After summarizing several important theorems relating to 
generalized harmonic analysis, the spectrum of the atmos- 
pheric vertical velocity was described and was later used in a 
study of three significant factors involved in airplane re- 
sponses to gusts—namely, the center-of-gravity, short-period 
damping, and wing bending flexibility. In each case, con- 
vincing experimental verification of the theoretical analysis is 
given. It seems inevitable that techniques similar to those 
described in this paper will assume an increasingly important 
role in future design procedures in aeronautical engineering. 

Speaking on behalf of those attending the session, it is safe 
to say that all were intrigued and educated by the fresh ideas 
contained in the four presentations. In providing insight 
into future design techniques, the authors should be heartily 
commended. 
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Rotating Wing—l 


By 
Edward F. Katzenberger 


Chief Development Engineer—General 
Design, Sikorsky Aircraft Division, U.A.C. 


The helicopter appears unquestionably to be on the thresh- 
old of a very wide expansion of its use by commercial 
operators. While existing machines have been designed to 
military specifications, some have characteristics indicative of 
considerable promise for commercial operation. The growing 
evidences of the maturity of the helicopter as a commercial 
transport naturally have aroused the interest of operators and 
the aircraft industry in general. Accordingly, an effort was 
made to obtain authoritative and definitive papers for this 
Session which would: (a) set forth the design requirements 
for the commercial transport helicopter; (b) assess the capa- 
bilities of the helicopter industry in meeting these require- 
ments; and (c) present a cogent summary of the major eco- 
nomic factors involved in making the transport helicopter a 
paying proposition. 

In his paper, ““Economic Considerations of the Transport 
Helicopter,” James B. Edwards dealt with the economic as- 
pects of the problem. His paper is printed in full in this 
issue on page 76. 

The first aspect of the helicopter transport design problem, 
that of determining the characteristics of the machines re- 
quired by the operator, was lucidly set forth both in David E. 
Postle’s paper, ““Design of the Transport Helicopter” (see 
page 70, March Review, for full paper), and in the presenta- 
tion of Byron A. Moe, “The Local Service Air Carrier Design 
Requirements for the Transport Helicopter.” It is possibly 
significant that considerable agreement was noted between 
these two statements of required characteristics arrived at 
through independent study. Mr. Postle is Director of Re- 
search, Mohawk Airlines, Inc., and Mr. Moe is Director, 
Operational Planning, Allegheny Airlines, Inc. 

Both papers were exhaustive in treatment and Mr. Postle’s 
in particular contained a wealth of detail which should be of 
considerable value to the designer. Of particular importance 
was the clear exposition of the meaning of the term “short- 
haul market.’’ At present, the bulk of such air .traffic lies 
within the 100-200-mile bracket. The significance of a shift 
to shorter stage lengths will be to place a premium on the 
ingenuity of the designer in producing a helicopter requiring 
an absolute minimum of loading, unloading, and ground- 
service time. 

It is impossible in the space available here to summarize 
adequately the mass of detail given in these two papers. A 
sampling of the more significant items can, however, be given. 
As has been noted, they indicate considerable agreement. 
For instance, Mr. Postle indicated a range requirement of 
approximately 200 miles. The figures given by Mr. Moe 
were 200-250 miles. Seating capacities were, respectively, 
30 and 32 passengers, and speeds 140 and 140-150 m.p.h. 
The critical importance of noise was noted and rightly em- 
phasized. For the designer this continues to be one of the 
most difficult problems with regard to which research has as 
yet failed to produce any significant results. 

Mr. Sikorsky’s paper, ‘““The Helicopter in Transport Serv- 
ice,’ assumed, for purposes of developing his ideas as to the 
present capabilities of the helicopter manufacturers, that two 
types of operation would be required: the metropolitan, or 
intracity, and the intercity. He dealt with the first as 
requiring a helicopter capable of 140 m.p.h. in cruise and 
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carrying 14 to 20 passengers, and the latter as calling for 
cruise speeds over 200 m.p.h. with 40 to 50 passengers. His 
remarks were for the most part directed to the difficult prob- 
lems of rotor design, stability, and power plant posed by this 
severe set of requirements. He did not overlook, however, 
the potential of existing twin-engined helicopters in providing 
a long-term interim of profitable intercity service at more 
modest speeds. The central portion of his paper contained 
a lucid summary of the major problems and the status of 
existing knowledge and continuous research relative to for- 
seeable solutions to these problems. 

At the outset of his presentation, Mr. Sikorsky departed 
materially from his prepared text and gave a historical sum- 
mary of some of his past achievements. This portion of his 
talk was illustrated by means of slides and concluded appro- 
priately with a number of in-flight pictures of his latest 
achievement, the S-56 Marine Assault helicopter, a machine 
that may well become the first twin-engined intercity heli- 
copter. 


Aeroelasticity—Il 


By 
|. E. Garrick 


Chief, Dynamic Loads Division 
Langley Aeronautical Laboratory, 
NACA 


The second session on aeroelasticity like the first was very 
well attended, an indication of how more and more people in 
aeronautics are becoming immersed in the problems of this 
specialized and ofttimes weird field—a field created and fed 
by the insistent and insatiable demands for static and dy- 
namic compatibility in the union of aerodynamics and struc- 
tures. 

Of the four papers presented in this session, two dealt dom- 
inantly with the aerodynamics of oscillating wings of low 
aspect-ratio, the third was dominantly on new methods for 
stiffness and deflection analysis of complex structures, and 
the fourth dealt with an analysis of an idealized type of panel 
flutter. The titles and authors of the papers are listed below 
together with some remarks pertaining to their scope and to 
the discussion ensuing their presentation. 

“Theoretical Aerodynamic Properties of Low Aspect Ratio 
Harmonically Oscillating Rigid Airfoils in a Compressible 
Medium: Comparison with Other Theories and Several Ap- 
plications to the Prediction of Flutter,” by Bernard Mazelsky, 
Dynamics Engineer, Lockheed Aircraft Corporation. In 
this paper a rather full analysis was given of the zero aspect 
ratio limiting case, including effects of compressibility as indi- 
cated in the title. This work was shown to coincide in part 
with recent independent work in Sweden of Merbt and 
Landahl, but because Mr. Mazelsky had available to him the 
excellent Bureau of Standards tables of Mathieu functions, he 
has gone farther in the achieved numerical results. He gave 
lift and moment results, both magnitude and phase, for 
translation, pitching, and rolling, and made application to 
rectangular and delta wings of low aspe¢t ratio. He also 
gave comparisons normalized to steady flow conditions with 
recent work based on Lawrence and Gerber and on Theodor- 
sen, and applied his results in some trend studies on flutter of 
simple wings. The paper was concluded with the presenta- 
tion of an intriguing movie in color of some flutter tests made 
with the aid of rockets and photographed by a camera 
mounted on the rocket. 

In the discussion of the paper Prof. Holt Ashley referred to 
some low-speed data at M.I.T. for small aspect ratio wings 
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and to the desirability of more sensitive indicators of the 
aerodynamic content than flutter itself/—for example, pres- 
sure distributions. He also cautioned against the use of 
simple criteria in the ‘‘devilishly”’ difficult field of flutter. 
Other discussers dealt with the desirability of extending the 
work to include modes of deformation, of making comparison 
with certain exact results for deltas, and of the possible use of 
recently improved steady flow aerodynamics for low aspect 
ratio wings as a guide for further developments. 


“Generalized Aerodynamic Forces on the Delta Wing with 
Supersonic Leading Edges,” by J. Walsh, Head, Structural 
Dynamics Unit, BuAer, Department of the Navy; G. Zar- 
tarian, Senior Engineer, Aero-Elastic and Structures Research, 
M.I.T.; and H. M. Voss, Instructor, Dept. of Aeronautical 
Engineering, M.I.T. The presentation of the paper was in 
two parts, one by Mr. Walsh, the other by Mr. Voss. The 
object of the paper was to show how strip analysis based on 
two dimensional flow formulas can be made to correctly yield 
integrated results for generalized forces and moments for 
three-dimensional flow conditions of concern in flutter work 
wherein chosen modes of deformation are employed. The 
first part of the paper presented a proof of the desired prop- 
erty for the case of certain rigid airfoil motions. The second 
part of the paper presented another proof based on the reverse 
flow reciprocity theorems, which have been interesting enough 
recently themselves to be the subject of IAS papers and 
which are here shown to have more than abstract interest. 
The extent to which the procedure may be applied to flexible 
modes of deformation was also examined numerically and 
some tables of comparisons illustrating the order of approxi- 
mation for various selected modes were presented. 


“Stiffness and Deflection Analysis of Complex Structures,” 
by M. J. Turner, H. C. Martin, R. W. Clough, and L. J. 
Topp, Boeing Airplane Company. Mr. Turner presented the 
paper, which dealt with a currently important structural 
phase of the aeroelastic problem—namely, a procedure for 
calculating load deflection data for complex multiweb and 
multirib aircraft structures. The extent to which this prob- 
lem is resolved may dictate the extent to which the associa- 
ted aerodynamic phase will be delved into. After a review 
of the recent contributions of many authors such as Schuerch, 
Levy, Bisplinghoff and Lang, and Reissner and Stein, a pro- 
cedure was suggested of extending to shell-type structures the 
fundamental method of joint displacement. The structure is 
decomposed into spar, rib, cover skin, and stiffener segments. 
Stiffness coefficients are determined for each of these com- 
ponent units and superposition leads to the stiffness matrix 
for the complete structure. An important feature in the 
analysis is the assessment of the flexibility of a quadrilateral 
plate element on the basis of an energy calculation to find 
load-deflection relations at its corners. In the opinion of 
Samuel Levy, of the Bureau of Standards: ‘‘The method 
appears to be capable of considerably greater accuracy than 
any other so far available provided adequate facilities are 
available for inverting matrices.” At the end of the paper the 
authors called attention to the possibility of avoiding the 
matrix inversion by reducing the order of the system with a 
system of generalized coordinates. 


In the discussion, Dr. J. E. Duberg, of NACA’s Structures 
Research Division, pointed out that it would be desirable to 
look into means for evaluating the approximations implicit in 
the analysis, and, in particular, the approximations involved 
in the use of corner forces might be improved by other proce- 
dures. It was stated that the authors have various numerical 
examples still underway at present which they had hoped to 
have included. 


“Analysis of Flutter in Compressible Flow of a Panel on 
Many Supports,” by John M. Hedgepeth, Bernard Budian- 
sky, and Robert W. Leonard, Langley Aeronautical Labora- 
tory, NACA. This paper drew attention to a problem not 
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before presented at Institute meetings—the flutter of metal 
skin coverings. Some of the people who have worked on 
phases of the problem are P. F. Jordan (in Germany), John 
W. Miles, and S. F. Shen, The authors chose an idealized 
case of two-dimensional flow past an infinitely long panel on 
equally spaced supports, a problem amenable to exact treat- 
ment both for its linearized aerodynamics and for its struc 
tural content. The problem thus provided a good example 
and a framework for testing some of the delicate questions 
associated with determination of ranges and degrees of in 
stability, and the authors presented a discussion on these mat 
ters. Some of the results which must appear strange from a 
physical point of view—like the familiar Glauert-Prandtl 
type infinity at M@ = 1—may be explained away in a like 
fashion or on the basis of small rate of growth of the insta- 
bility and, as a whole, give clues as to the direction in which 
further work should proceed. 

Professor Ashley thought the work the first he had seen 
using results of steady aerodynamics to obtain the unsteady 
flow results! He also thought the work, especially the study 
of the rate of growth of the instability, might clear up some of 
the puzzling results that had been found by earlier investiga- 
tors at M.I.T. Professor John W. Miles mentioned that in 
another problem he had found anomalous stability results 
associated with a lack of uniform convergence in his series 
and that this might be worth looking into. Professor N. Rott 
mentioned the possible significance of effects of structural 
damping. 

All in all—a session of significant and worth-while contri- 
butions, spirited and pointed discussion, and a generous and 
responsive audience. 


Rotating Wing—ll 


By 
Lt. Colonel R. Williams, USA 


Office, Chief of Staff 
Department of the Army 


In the first paper, “Problems of Slow Speed Flight in 
Helicopters,” Comdr. H. S. Brown, Jr., Head of Rotary Wing 
Design, Aircraft Division, Bureau of Aeronautics, outlined 
the problems associated with slow speed flight of helicopters 
at low altitudes and the present approaches to the solution of 
these problems. Electronic devices, utilizing gyro sensing 
elements, will be relied upon to provide stability in the heli- 
copter. The device will indicate not only the magnitude of 
the displacement from the desired attitude of the helicopter 
but will also give the pilot an indication, through the control 
system, of the proper direction of control movement required 
to correct the attitude of the helicopter. Present helicopters 
are capable of blind flight, including instrument landings and 
GCA approaches. At the present time, however, it is not 
possible to hover on instruments over a fixed position on the 
surface of the earth or ocean. It is hoped that within 2 
years a completely blind flying helicopter will be available. 
During the questions that followed the paper, Commander 
Brown indicated that the altitude controller did not have to 
follow the swells but could average the vertical height of the 
waves. 

In the second paper, ‘Concepts of Component Testing,”’ 
Bartram Kelley, Chief Engineer, Helicopter Division, Bell 
Aircraft Corporation, discussed the overall aspects of com- 
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ponent testing as applied to the six major elements of the 
helicopter. These elements are: the landing gear, the fuse- 
lage, the transmission, the shafting, the flight controls, and 
the rotors. In the early days of helicopter design, the ma- 
chine was first flown and then consideration given to measur- 
ing the loads actually occurring in flight. This concept has 
now been improved to permit calculations of flight loads and 
extensive testing of the components prior to flight of the 
helicopter. Mr. Kelley concluded that the landing-gear test 
criteria should depart still further from that applied to the 
airplane and should have additional emphasis on ground 
handling in rough terrain and on crash conditions. The de- 
sign of the fuselage is governed largely by stiffness. Methods 
for predicting the loads and for fatigue testing the units are 
fair or good for all other components except the rotor. The 
rotor whirl testing is useful for endurance and maintenance 
purposes but cannot replace the fatigue testing. Fatigue 
testing can be accelerated by testing components separately in 
order to apply the desired load to each component. 


In the third paper, ‘“‘Development Problems of the Large 
Helicopter,” L. L. Douglas, Vice-President—Engineering, 
Piasecki Helicopter Corporation, reviewed the basic param- 
eters effecting the design of large helicopters. His paper is 
published in full on page 60 of this issue. 


In the last paper, ‘‘Development of New Cargo Helicop- 
ters,’ D. M. Thompson, Office of Chief of Transportation, 
Department of the Army, discussed the relative importance of 
cruising speed, pay load, availability, and ground loading time 
upon the ability of the cargo helicopter to perform the cargo 
mission. It was concluded that the greatest single factor 
governing the amount of cargo which any helicopter can 
transport per day is the availability of the machine. The 
next most important parameter is rapid loading and servicing 
on the ground. Cruising speed and pay load have relatively 
little importance on the amount of cargo delivered per day. 
The second part of the paper was devoted to an analysis of 
the high cost of maintenance of present-day cargo helicopters. 
The cost of operation of a six-passenger helicopter is as equal 
to that of a 21-passenger air liner. The cost of spare parts 
alone for a small helicopter is in excess of $80 per hour. This 
high cost of spare parts indicates to the customer that, since 
these parts are purchased for installation on the helicopter, 
availability of the machine will be poor because of the large 
amount of time spent on the ground having parts installed. 
This high cost of spare parts places the customer in the un- 
fortunate position of being forced either to reduce future pro- 
duction in order to buy spare parts with the limited funds 
available or to continue to build helicopters that will be 
grounded by lack of spare parts. The major components 
causing short life and high maintenance are the engines, 
transmissions, and rotor blades. A comparison of power re- 
quirements between airplanes and helicopters indicates that the 
life of the engine in helicopters is being reduced because of the 
great amount of operation at high power. The transmissions 
consist essentially of gear systems that as such are not new to 
the customer. The gearing systems and locomotives, trucks, 
and aircraft engines appear to be no heavier, to operate at no 
higher speeds, and to have no higher loads than the systems in 
helicopter transmissions. The life of helicopter transmissions 
however, is extremely short compared with that of other gear 
systems. There is no consistency in the design of helicopter 
transmissions systems when one is compared with another. 
Rotor blade life varies without reference to size of machine or 
method of operation. The customer therefore concludes 
that the short life and high maintenance is the result of in- 
adequate or ineffective engineering design. A solution to the 
maintenance and availability problem is essential to ensure 
the future of the helicopter industry and rests squarely with 
the engineers in the helicopter industry. 


Aerodynamics—I 


By 
W. R. Sears 
Director, Graduate School of 


Aeronautical Engineering, Cornell 
University 


This session was devoted to applied aerodynamics and 
especially to the aerodynamics of wings and bodies. We 
began the morning with ‘Effect of Leading-Edge Separation 
on the Lift of a Delta Wing” by C. E. Brown and W. H. 
Michael, Jr., of Langley Aeronautical Laboratory, NACA. 
Rumors of this ingenious and important extension of slender- 
wing theory have been seeping out of Langley for a year or 
more. The final product presented here fulfilled expectations. 

At reasonably large angles of attack, according to the 
authors’ observations, delta wings produce separated vortex 
sheets at their leading edges; these roll up as they extend 
rearward and, of course, have profound effects on the flow 
about the wing and especially the pressure distribution on the 
upper surface. The authors have replaced these rolled-up 
sheets by discrete, concentrated vortices. To determine 
their positions the familiar Kutta-Joukowski condition of 
smooth flow is applied at the leading edges. Another condi- 
tion is required, and it is clear that the vortex sheets are 
carried by the local flow. The question is only how to apply 
this to the simplified theoretical configuration. 

Here an interesting difference of opinion is revealed. 
Robert Legendre, in France, recently worked out a theory on 
the lines outlined above and applied the condition that there 
be no force on the vortex. (He also made an error in compu- 
tation, which was corrected in the Readers’ Forum of the 
JOURNAL by Mac C. Adams.) Instead of the Legendre- 
Adams condition, however, Brown and Michaels require zero 
force on the vortex plus the discontinuity surface that connects 
it to the leading edge. The improvement removes an ambi- 
guity in Mac Adams’ results. Brown and Michaels also pre- 
sented a comparison of their calculated results with measure- 
ments on a slender supersonic delta wing. 

The audience’s interest in this work was obviously great. 
Professor Nicholas Rott, of Cornell University, presented 
rather conclusive data in favor of the Brown-Michaels condi- 
tion as compared with the Legendre-Adams. These were the 
results of his calculations of shock-wave diffraction around 
edges—a process that gives rise to a completely analogous 
curled-up vortex sheet. Dr. H. K. Cheng, of Bell Aircraft 
Corporation, also presented a slide showing his results for 
low aspect ratio wings with vortex separation along the side 
edges. 

The second paper, ‘‘An Investigation of the Aerodynamics 
of Sharp Leading-Edge Swept Wings at Low Speeds,” by C. 
E. Pappas and A. E. Kunen, of Republic Aviation Corpora- 
tion, was on a closely related subject: sweptback wings at low 
speed, with vortex separation at the leading edges. Without 
the conical symmetry of the cases discussed earlier, the prob- 
lem of locating the vortices is more difficult, and these au- 
thors have accomplished their objective by a-combination of 
plausible approximations and analysis of experiment. The 
final results were lift distribution curves calculated by 
potential-flow theory for the configuration finally arrived at. 
The Kutta-Joukowsky condition was satisfied at both leading 
and trailing edges. 

A distinguished visitor from overseas, Dr. H. Schlichting, 
of Braunschweig, contributed to the discussion of the Pappas- 
Kunen paper. He presented promising results of a new lift- 
ing-surface theory developed by Truckenbrodt at Braunsch- 
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weig, but these pertained to the pure-potential-flow régime, 
at lower angles of attack than those with which Messrs. 
Pappas and Kunen were concerned. 

Proceeding at this point to the aerodynamics of slender 
bodies, rather than wings, Howard R. Kelly, of NOTS, In 
yokern, spoke on ‘The Estimation of Normal-Force, Drag, 
and Pitching-Moment Coefficients for Blunt-Based Bodies of 
Revolution at Large Angles of Attack.’’ His methods are 
analogous to those of H. J. Allen but are different in two re- 
spects. First, the separated cross-flow field is taken from 
some rather old tests (by Schwabe) of cylinders accelerated 
from rest instead of from steady-flow data. Second, the 
calculation is carried to rather high-order terms in a, the 
angle of attack. 

For supersonic missiles, Mr. Kelly introduces a further re 
finement—i.e., he uses Milton Van Dyke’s second-order re- 
sults for the potential flow over the nose portion. This is 
apparently necessary for the large values of a involved in 
missile dynamics. 

The comparison of his results with experiment was indeed 
impressive. The new theory gives substantially different 
results from Allen’s, and the experimental results presented in 
the paper fell almost precisely on the new theoretical curves. 

Since at least two of our three speakers had leaned heavily 
on the work of Dr. Max Munk, who was in our audience, it 
was a pleasure to hear his remarks after Mr. Kelly’s talk. 
He was pleased to see how far his ideas regarding the aerody 
namics of airships—formulated 30 years ago—had been used 
and extended. He remarked on the philosophy of research 
in the physical sciences and recommended a clear distinction 
between theoretical and experimental research, even though 
both are necessarily guided by the results of each other. 

In our final paper of the morning, Messrs. J. C. Crown of 
United Aircraft Corporation, and S. Fagin, of the Naval 
Ordnance Laboratory at White Oak, reported on their studies 
(carried out at NOL) of ‘‘Nonlinear Aspects of Missile 
Motion.”” This was a study of missile dynamics and espe 
cially of spin-stabilized missiles. Nonlinearities of two kinds 
were included: nonlinearities that appear in the true curves 
of the forces and moments that are always considered (but 
usually linearized) and nonlinear terms usually discarded as of 
second order. An interesting resonance, which occurs when 
spin and pitch frequencies coincide, giving rise to “lunar’’ 
motion of the missile, was pointed out. The possibilities of 
passing through such a coincidence of frequencies was also 
analyzed. The authors’ general conclusion was that linear- 
ized theory must be used with caution. 

In retrospect, we see that the entire first Aerodynamics 
Session of the Twenty-Second Annual Meeting was devoted 
essentially to some nonlinearities of aerodynamics. The 
nonlinearities have always been with us, and the fact that 
these four papers were devoted to them—and to a consider- 
able extent succeeded in coping with them—may be another 
sign of the maturity of our profession. 


Aerodynamics—Ill 


By 
Furnas 


Director 
Cornell Aeronautical Laboratory, Inc. 


In the third Aerodynamics Session, four papers, primarily 
theoretical in nature, were presented. These dealt with 
secondary flows in cascades, three-dimensional laminar bound- 


ary layers with small cross-flow, airfoils oscillating between 
two walls, and the wake and drag of bluff bodies. Although 
each of the first three papers presented pertains to several 
different type problems, one notes that collectively they are of 
particular interest in regard to current problems dealing with 
internal flows in turbomachinery. 


The first paper, entitled ‘Secondary Flows in Cascades of 
Twisted Blades,” was written by Dr. Fredric F. Ehrich, of 
the Advanced Development Section, Aviation Gas Turbine 
Division, Westinghouse Electric Corporation, and was pre- 
sented by Dr. Ralph Detra. 

Secondary flows in cascades give rise to an “induced pres- 
sure drop” somewhat analogous to the induced drag of a 
single wing. The extent of the secondary flow depends 
upon the degree of nonuniformity of the approaching stream. 
Two types of secondary flow can be distinguished. In the 
first type, the stream is uniform except for a thin boundary 
layer at the walls. In the second type of flow, the stream is 
nonuniform over a large part of the span of the blades 
Ehrich’s paper was concerned with the second type of flow. 

Squire and Winter have previously treated the problem of 
the flow through a cascade of blades whose geometry remains 
constant along the span and for which the entering velocity 
profile is nonuniform in the spanwise direction. Tsien, using 
the classical Prandtl lifting-line analysis, has treated the 
special case of a cascade of blades whose geometry varies 
along the span but for which the entering flow is constant in 
the spanwise direction. Ehrich, using a conceptual model 
similar to that of Squire and Winter, made a more general 
analysis for a cascade of blades whose geometry varies along 
the span and for which the entering velocity profile is nonuni- 
form in the spanwise direction. Ehrich’s general analysis 
reduced exactly to the special form of Squire and Winter and 
also gave a result quantitatively and qualitatively equivalent 
to that of Tsien. 

Reasonably good agreement was obtained between theoret- 
ical and experimental results on the mid portion of the pas- 
sage between two blades. However, in the experiments, a 
strong deviation from the analytic result occurred near the 
cascade walls. Ehrich believes that this is probably due to 
the growth of a wall boundary layer within the cascades. 

Following this paper, Dr. H. Schlichting briefly described 
some work performed on three-dimensional airfoil cascades at 
the Institute of Fluid Mechanics, Technical University of 
Braunschweig, Germany. 

The second paper, entitled ‘““Three-Dimensional Laminar 
Boundary Layer with Small Cross-Flow’”’ was presented by 
Dr. Artur Mager, Research Fellow in Jet Propulsion at the 
California Institute of Technology. 


Dr. Mager stated that a general treatment of three-di- 
mensional boundary-layer flow is extremely difficult in view 
of the complexity of the governing differential equations. 
He pointed out, however, that, for many important problems 
involving the three-dimensional boundary layer, the flow out- 
side the boundary layer may be resolved into a large principal 
component and a small crosswise velocity. Since the pres- 
sure variation in the direction of the normal to the wall is usu- 
ally negligible in the boundary layer, it follows that the 
velocity components in the boundary layer will have the 
order of magnitude of their values in the external flow. 
When the crosswise velocity is small compared with the prin- 
cipal velocity, the boundary layer will be only slightly three- 
dimensional, and the small perturbation procedure will be 
applicable to a great variety of external flows. Dr. Mager’s 
paper treated three-dimensional laminar boundary-layer 
flows over flat and sharply curved surfaces subject to these 
simplifications. His analysis was more general than the usual 
type of boundary-layer analysis in that it considered flows 
relative to a coordinate svstem rotating with a uniform an- 
gular velocity. 
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From Dr. Mager’s analysis, it was shown, that to the first 
order of approximation, the crosswise flow w in the boundary 
layer is completely independent of the principal flow pertur- 
bation win the boundary layer and is affected only by the 
gradients of the external flow W and the component of the 
angular velocity normal to the surface. When the crosswise 
velocity w is not a function of the z coordinate, the equations 
for the principal flow perturbation and the crosswise flow 
perturbations are completely uncoupled. 


He presented the results of his analysis as applied to three 
examples. These were for a spinning circular cylindrical 
shell flying at a small angle of yaw along a circular path, 
flow over a flat surface caused by a continuous force field 
simulating an s-shaped duct, and the flow over a sharp later- 
ally varying concave surface. He stated that, although 
the accurate determination of the separation point is beyond 
the scope of the small perturbation analysis which he used, the 
factors that affect separation are clearly distinguishable. 
Among these the crosswise variation of the flow was indicated 
as being important. 

The third paper was ‘‘Some Considerations of the Air 
Forces on a Wing Oscillating Between Two Walls for Sub- 
sonic Compressible Flow’ by D. S. Woolston and H. L. 
Runyan, Jr., presented by Mr. Woolston. Both authors are 
from the Dynamic Loads Division, Langley Aeronautical 
Laboratory, NACA. They presented a procedure for solving 
the pertinent compressible flow integral equation originally 
obtained by Runyan and Watkins in NACA TN 2552. A 
collocation method, similar to the procedures of Possio and 
Frazer for the case of a single airfoil, was used. The approach 
involved the assumption of an appropriate series expression 
for the lift distribution, substitution of this series in the given 
integral equation for the downwash, and the calculation of the 
downwash at arbitrarily selected points on the chord. In 
this manner the integral equation was reduced to a set of 
simultaneous equations, the unknowns of which are the coeffi- 
cients of the assumed expression for the loading. 

A resonant phenomenon, involving a transverse oscillation 
of the moving air between the walls was discussed. It was 
shown that at resonance the load on the oscillating wing ap- 
proached zero, and consequently experimental testing in tun- 
nels should be done under conditions as far removed by reso- 
nance as possible. 

The authors made numerical calculations to determine the 
forces on a wing at various Mach Numbers and for various 
wall heights. The effect of the walls on the lift and the phase 
angles was shown to be more pronounced as the Mach Number 
was increased and, at high Mach Numbers, was found to be 
large even at frequencies well removed from resonance. 
Increasing the tunnel height greatly diminished the effect of 
the walls and lowered the resonant frequency. 

A few calculations were made at a Mach Number of 0.7 to 
determine the effect of the tunnel walls on the flutter speed of 
a simple configuration and to show the effect on flutter of air- 
foils in cascade. Representative calculations for a wing in a 
tunnel showed a reduction in flutter speed of about 10 to 15 
per cent from the values calculated for free air. For the 
flutter of airfoils in cascade, at a mass ratio representative of 
compressor blades, it was found that the effect of the presence 
of an infinite array of airfoils oscillating 180° out of phase 
was not very great. However, since the gapchord ratio of 4 
used in the example was large compared with the more nor- 
mal value of unity, the authors recommend further calcula- 
tions before drawing conclusions. 

The last paper, ‘‘On the Wake and Drag of Bluff Bodies,”’ 
was given by Dr. Anatol Roshko, Research Fellow in the 
Department of Aeronautics at the California Institute of 
Technology. 

The problem of the drag and shedding frequency in the 
wake for a two-dimensional bluff body was investigated by 
Dr. Roshko, with particular emphasis on the region close be- 


hind the body. He showed from experiment that the mecha- 
nism of vortex formation in this region plays an essential part 
in establishing the magnitude of the base pressure on a cylin- 
der. The base pressure in turn determines the character of 
the potential outer flow. Dr. Roshko calculated this poten- 
tial flow on the basis of a modified Kirchhoff free streamline 
theory in which the usual circle in the hodograph plane is re- 
placed by a notched circle and the velocity on the free stream 
line has a value different than that of the uniform stream. 

Using this potential theory and some ideas about the vortex 
formation, he derived a semiempirical theory for the drag. 
The theory was based on only one empirical fact, instead of 
the two previously needed, and served to determine the drag 
not only of the body in question but of bluff bodies of other 
cross-sectional shapes. In this way a correlation was ob- 
tained between bluff body shape, drag, and shedding fre- 
quency. 


Meteorology 


By 
H. R. Byers 
Professor and Chairman 


Department of Meteorology 
University of Chicago 


Again this year the Institute held a joint session with the 
American Meteorological Society. The papers dealt with 
various phases of air motions in the upper atmosphere, par- 
ticularly above 50,000 ft. 

Professor Bernhard Haurwitz, of New York University, 
opened the discussion with an introduction to the subject of 
wind measurements at great heights, most of which are ob- 
tained by indirect means. He then showed some north-south 
vertical cross sections which he had prepared from northern 
hemisphere data showing the zonal—i.e., west-to-east—com- 
ponent of the wind up to a height of 90 km. In winter there 
is a maximum west wind of 80 m. per sec. at 50 to 55 km. in 
the vicinity of lat. 30 to 35°N. There is a maximum com- 
ponent from the east of 20 m. per sec. at 30 to 40 km. and 
15°N. Thesame representation for summer gives two maxima 
of 60 m. per sec. each at 55 km. and 25-30°N. and at 80 to 85 
km. at 60°N. The component from the west is about zero at 
45-60 km. and 70-80°N. These winds were all computed 
from the pressure distribution assuming geostrophic balance 
(pressure gradient force and coriolic force in balance). 

At great heights, the speaker pointed out, one must consider 
electromagnetic and electrodynamic effects on the motions. 
Also the energy of dissociation and recombination between 
molecular and atomic oxygen is roughly ten times larger than 
the release of energy by condensation with which we are 
familiar in the lower atmosphere. Another effect comes from 
atmospheric tides which at 100 km. are between 100 and 200 
times greater than at the ground. These can account for 
winds of the order of 30-40 m. per sec. 

Dr. Robert D. Fletcher, of the Air Weather Service, U.S. 
Air Force, gave a paper on ‘‘Winds in the Lower Stratos- 
phere.” After pointing out how difficult it is to obtain on a 
routine basis reliable winds in the stratosphere, he showed how 
contour charts of pressure surfaces in the high atmosphere ob- 
tained from the radiosonde networks can be used. 

At 25 millibars in January there is a warm area in central 
Canada and relatively weak winds, but strong winds between 
that region and the Arctic are apparent from the crowding of 
the contour lines. All winds are from a westerly direction. 
In April and October all winds are extremely light, while in 
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July a flow from the east is indicated over most of North 
America. On daily charts at 25 millibars many small air 
circulations are indicated. 


From data for 10 millibars, some of it extrapolated from 15 
millibars, it is shown that temperature ranges may be ex 
treme—from —60° to —10°C. 

Professor Fred L. Whipple, of the Harvard College Observa 
tory, reported on work being done in New Mexico photo 
graphing meteor trains to obtain winds in the altitude range 
from 80 to 110 km. 


The corresponding mean wind speed normal to five trains is 
38 m. per sec., and the mean velocity 29 m. per sec., in the 
altitude range from 81 to 113km. Corresponding total veloc 
ities are estimated at 68 and 51 m. per sec., respectively. 
The winds change rapidly with altitude, showing excursions 
to more than 100 m. per sec. and average maximum shears of 
50 m. per sec. per km. Deviations from the average winds 
for each train show a zero correlation with winds separated 
about 5 km. in height (scale height = 6.8 km.), but two show 
negative correlations for greater height differences to 10 km. 
or more. A nearly horizontal train shows much smaller wind 
fluctuations with distance than the others that are highly 
inclined. 


These results suggest tentatively that roughly half the 
kinetic energy of the high-altitude winds is contained in large- 
scale systematic motions and the other half in shallow (3-10 
km.) eddies, perhaps of the order of 50 km. in horizontal 
diameter. 


The numerical values of the measured winds are in agree 
ment with those obtained by radar-meteor techniques and 
indicate the validity of these techniques. 


~ The observed wind shears are surprisingly high and demand 
explanation in terms of energy injection mechanisms. 


In a paper entitled: ‘Atmospheric Motions Inferred from 
O» Dissociation,’’ Dr. Marcel Nicolet, of the Ionospheric Re- 
search Laboratory, The Pennsylvania State University, 
examined the time of dissociation of molecular oxygen in the 
formation of atomic oxygen. At this time there is a photo- 
chemical equilibrium. It is apparent that the number of O» 
molecules is much greater than the photoequilibrium value. 
This is brought about by vertical mixing of the air in the 
important transition zone between 100 and 150 km. Asa re 
sult of this vertical mixing the time of upward diffusion of O, 
molecules is shorter than the time of dissociation. From the 
computations it appears that the vertical mixing velocity is 
of the order of 1 m. per sec. 


The final paper on the program by Dr. N. C. Gerson, of the 
Geophysics Research Directorate, Air Force Cambridge Re 
search Center, discussed the winds as indicated by the motion 
of clouds of ions located in the ‘‘E”’ layer of the ionosphere. 
These are known as “Sporadic E” and can be traced by 
the skip reflections they produce on radio-transmitted 


waves. 


Sporadic E, which is located near 110 km., has been studied 
during the period 1949-1951, inclusive, in cooperation with the 
Radio Amateurs of North America. These amateurs, operat 
ing at a radio frequency of 50 me. per sec., supplied the basic 
reports from which the presence, growth, movement, and 
dissipation of Sporadic E clouds were determined. Usually 
the trajectory of the moving sporadic area could be deline- 
ated. During their movement, many of these clouds grew 
markedly in size and on some occasions extended over an area 
of 1,000,000 km.? The drift of the E’s areas in the great 
majority of cases had an easterly component; however, in 
some instances westerly motions were noted. The average 
speeds were about 200+ km. per hour. It is interesting to 
note that the average speed is almost the same as that de 
duced from other sources, including the motions of ionospheric 
irregularities. 


Aeronautical Engineering Education 


By 
John W. Hoover 


Associate Professor 
University of Florida 


A new addition to the annual meeting was the joint session 
with the Aeronautical Division of the American Society for 
Engineering Education held on Wednesday, January 27, with 
Prof. A. J. Fairbanks, of the Rensselaer Polytechnic Institute, 
presiding. Sixty persons attended the presentation of papers. 
This figure included 36 from educational institutions, 12 from 
industry, and 12 from military, research, or other organiza- 
tions. 

The program included three papers, a short intermission, 
comments on the papers by two reviewers and open discus- 
sion. Strong interest in the discussion was evidenced in the 
fact that almost all who returned after intermission remained 
throughout the entire discussion period. 


The first paper was entitled ‘Aeronautical Engineering at 
the United States Air Force Institute of Technology”’ and was 
presented by Dr. B. E. Gatewood, Professor and Head of the 
Department of Mechanics at the USAF Institute. He stated 
the mission of the Institute to be the improvement and main 
tenance at a high level of the scientific, technical, managerial, 
and other professional competence of Air Force officers. The 
history of the Institute was briefly outlined, dating back to 
1919. The resident program of instruction comprises about 
one-third of the total enrollment, the balance being in civilian 
colleges. The policy of the Institute is to emphasize Air 
Force problems, and the physical arrangement affords an 
ideal situation and atmosphere for integration of fundamental 
subject matter with practical Air Force problems. 

The Resident College of the Institute of Technology is 
operated in a manner similar to civilian colleges, using the 
quarter system and continuing throughout the year. Pro- 
grams offered include three curricula in Aeronautical Engi- 
neering: a l-year undergraduate program of preparation for 
graduate school of men with B.S. degrees, a 2-year under- 
graduate program for students with 2 years of college who 
meet certain requirements, and an 18-month graduate pro 
gram for qualified B.S. men. Essential features of the pro 
grams are the amount of mathematics given and the broad 
coverage of the included engineering courses. Subject mat- 
ter of the various curricula was listed. At present no degrees 
are granted, though permission is being sought to grant the 
Master’s degree. 

A paper entitled ‘‘Industry’s Requirements for Post- 
Graduate Education of the Engineer,” by Dr. E. W. Conlon, 
Director of Engineering, and R. L. Graupe, Chief Project 
Engineer, Development, Fairchild Engine Division, Fairchild 
Engine and Airplane Corporation, was presented by Mr. 
Graupe. The paper outlined the need for graduate training 
for engineers who have been in industry for more than 5 years. 
Three categories are proposed for such work: a program 
planned to keep the engineering organization mentally alert 
and prepared for new development, one for training engineers 
for promotion to supervisory and managerial positions, and a 
program planned to give the specialist the opportunity to do 
advanced work in his field of specialization. 

The first program suggests that the proper course of study 
can better fit the engineer for application of recent advances 
in technology and science, and the authors believe that 
industry would profit by sending engineers to a 12-week train- 
ing course every 5 or 6 years. The second program proposes 
that early recognition of tendencies toward administration 
rather than specialization in engineering work would make for 
greater organizational strength. The third program, on 
specialization, is one that may closely parallel current graduate 
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study programs. It is suggested that more faculty employ- 
ment on a temporary basis by industry would be of mutual 
advantage. Industry and colleges need to be closely tied to- 
gether to obtain best solutions of the problem of postgraduate 
training of experienced engineers, and only through realistic 
evaluation of all conditions and joint formulation of programs 
can proper results be obtained. 

Dr. Glenn Murphy, Head Professor of Aeronautical Engi- 
neering at Iowa State College, presented a summary of the 
Preliminary Report of the Committee on Evaluation of 
Engineering Education of the ASEE. The committee’s sug- 
gestions were given on qualifications, development and 
evaluation of faculty, the objectives of engineering education 
and instructional goals, and curricular areas and content. 

It was recommended that more material be introduced into 
the curriculum through one or more of several methods, in- 
cluding increased efficiency of instruction, reduction of 
duplication, and increased length of time allowed. A sug- 
gested division of study programs into professional-general 
and professional-scientific plans, with increased emphasis on 
mathematics and science in the latter, was thought desirable. 
Outlines were given of the minimum fundamental material for 
such curricula. 


Following a brief intermission, comments on each paper 
were given by Prof. John W. Hoover, of the University of 
Florida, and Prof. R. Gordon Campbell, of Rensselaer Poly- 
technic Institute. Open discussion was held after the com- 
ments. There was good participation in the discussion. 
Professors Akerman and Upson, of Minnesota, Hunsaker, of 
M.I.T., Dutton, of Georgia Institute of Technology, Peery, 
of The Pennsylvania State University, Rosenberg, of Toledo, 
Lederer and Woodham, of the Guggenheim Aviation Safety 
Center at Cornell University, and Andreoli, of Chance 
Vought, were among those taking part. Topics discussed in- 
cluded possible competition of the USAF Institute with 
civilian colleges, the considerable need for wider knowledge of 
ayailable summer industrial employment for faculty, and the 
problems of teaching environment, student motivation, and 
faculty evaluation. A concluding note suggested the need 
for undergraduate industrial scholarships, which might pro- 
vide more good engineering graduates to industry. 


Aircraft Design 


By 
Ernest G. Stout 


Staff Engineer 
Convair, San Diego 


The Aircraft Design Session consisted of four excellent 
papers touching on a variety of topics which, according to the 
discussions generated, were in fields of considerable interest. 
The subjects covered included flight-test organization, air- 
plane take-off performance, estimation of wing weights, and 
flight refueling. 

F E. Christofferson, Chief, Experimental Flight Test, 
Northrop Aircraft, Inc., in his paper “The Flight-Test 
Organization’’ made a strong bid for a completely independent 
status for the flight-test department reporting directly to 
“top management.” The justification for this opinion was 
derived from a review of flight-test history beginning with 
World War II. During this early period flight testing was 
generally found in the aerodynamics department and spent 90 
per cent of its time doing stability, control, and performance 
work. The author claims this launched the period of ‘‘modi- 


fication centers,”’ inasmuch as all ‘‘de-bugging”’ and functional 
systems testing was left to the operators to eventually over- 
come and “‘retro-fit’’ became an institution. 

This form of organization generally gave way to that in 
common use today, where flight test is a department of engi- 
neering and embraces the design interest of all technical and 
systems groups. The author feels this has resulted in well 
researched and developed prototypes but overlooks the 
important aspects of sales potential, manufacturing produci- 
bility, and customer satisfaction. 

In concluding, Mr. Christofferson believes it is now time to 
take the final step and place flight test as an independent 
department in a position under management where it serv- 
ices engineering, sales, and manufacturing from an inte- 
grated standpoint and is charged with the objective evalua- 
tion of the complete aircraft. 

This view was not completely shared by all, and an excel- 
lent constructive discussion was finally terminated by lack of 
time. 

Jerome M. Schwarzbach, Flight-Test Division, NATC, 
Patuxent, presented a paper titled, ““A Method of Locating 
the Airplane Take-off Point and Determining the Take-Off 
Speed,”’ prepared jointly by Messrs. Schwarzbach, John P. 
Boston, and Joseph E. Jenkins, all of NATC. The speaker 
stated that an accurate and simple evaluation of take-off 
distance and speed is very important in the evaluation of new 
aircraft, particularly jets and the newer carrier-based designs. 

His experience has indicated that various tracking methods 
and others utilizing on the spot observers are not only expen- 
sive from the standpoint of time and man power required but 
very often are not sufficiently accurate for proper evaluation 
of the aircraft. This is particularly true on long skimming 
take-offs where it is difficult to get a sharp indication of being 
air borne. The method described in his paper has largely 
eliminated these objections. 


Briefly, the system incorporates an accelerometer on each 
wheel along with a revolution counter. The intelligence is 
fed into an oscillograph, which is usually aboard for some 
other purpose. In addition, small asphalt strips are placed 
across the runway of definite measured intervals near the 
take-off end. The instrumentation is turned on just before 
encountering the strips, and if two, preferably three, are 
crossed, the instrumentation is turned off when air borne and 
the run is complete. The oscillograph record can be analyzed 
rapidly and will show a definite trace of each encountered 
strip and the point of leaving the ground. 


Through the use of wheel r.p.m., known distance between 
the strips and time, a calibration for wheel circumference very 
near take-off can be made. With an accurate circumference 
calibration it is a simple matter to get a precise reading of 
distance and speed at take-off. 


Abraham Hyatt, Assistant Director, Research Division, 
Bureau of Aeronautics, in a paper titled “‘A Method for Esti- 
mating Wing Weights,’’ presented a unique solution to this 
problem based on a great accumulation of accurate data 
available from the Navy Bureau of Aeronautics. Mr. 
Hyatt’s method includes as variables the wing geometry, 
basic flight design weight, ultimate load factor, maximum 
equivalent sea-level speed, and an equivalent stress factor, f. 
It is in this factor f that the author develops the latest think- 
ing and experience of the Navy. ‘ 

Mr. Hyatt pointed out the extreme importance of having a 
rapid and accurate method of wing weight estimation in the 
early preliminary design stages of a new aircraft. If con- 
servatism is allowed to creep in during this phase, and it is 
common for early estimates to play safe, the total airplane 
weight penalty may compound as much as five to fifteen 
times the value of the wing conservatism. Very often it is 
impossible to remove much of this compounded weight even 
after an accurate final wing weight is determined. 
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The author pointed out that his value of f reflected the 
characteristics of over 50 modern aircraft. In view of the 
compounding weight problem, he strongly recommends using 
the highest values of f in any category rather than a conserva- 
tive average of past design practice. Mr. Hyatt feels that by 
accepting the best available practice as a goal the most dili- 
gent effort will be made to refine the structure as the detail 
engineering progresses. 

Lieutenant Colonel Walter P. Maiersperger, Aeronautics 
Division, Directorate of Research and Development, Head- 
quarters, USAF, in a paper titled, ‘‘“General Design Aspects of 
Flight Refueling,” presented an interesting and descriptive 
integration of flight refueling history, development, and 
operating problems based on extensive actual experience. 
See page 52, March Review, for his full paper. 

Lieutenant Colonel Maiersperger’s paper was followed by 
an excellent moving picture illustrating the early refueling 
flights and modern systems. 


Motorless Flight 


By 
Ben Schupack 


Aerophysics Institute, Inc. 


The Motorless Flight Session presented thoughts on a 
means for economical towing of gliders aloft, an analysis of 
the aerodynamic drag of airplanes, and how to determine the 
true vertical motions of the air with a glider. These topics 
must have been of real value to many people to judge from 
the interest evident in the room full of people. 

The problem that Robert C. Kidder, of the Flight Research 
Department of Cornell Aeronautical Laboratory, Inc., tackled 
in his paper ‘‘Design Studies for the Evolution of an Economi- 
cal Towplane,”’ results from the not too gradual elimination of 
the surplus Stearman and Waco biplane primary trainer types. 
As a consequence the price of these towplanes has been in- 
creasing and spare parts have become scarce. 

Kidder centered his entire study of a suitable towplane 
replacement around the Piper J3C Cub and investigated four 
configurations for possible use. The first study consists of 
two J3C fuselages each with a 65 hp. engine, joined so that 
their fuselage centerlines are approximately 7 ft. apart. 

This design was considered for the following reasons: (1) a 
total of 130 b.hp. with the reliability of two engine operation; 
(2) high propeller efficiency (72 per cent) (even though stand- 
ard approved parts were used, the CAA took a dim view of 
this and so the idea died). 

This limited the thinking to single fuselage. Two con 
figurations suggested themselves in the attempt to improve 
propulsive efficiency, one with a very large propeller driven 
through a V-belt and another—the same aircraft with two 
propellers mounted 3.5 ft. either side of the engine centerline. 
However, the cost of obtaining a type certificate does not 
appear to justify the changes. 

This setback forced a critical examination of the standard 
J3C certificated for a Continental C90-8F engine and a metal 
propeller of 71 in. using a Clark Y blade section. The direct 
drive installation, while not a phenomenal performer, does 
exceed the minimum design requirements for a towplane. 
There is no problem in licensing this aircraft and so the J3C-90 
Piper Cub is one answer to the problem of replacing our vanish- 
ing Stearmans and Wacos. 


The discussion was sparked by Capt. R. S. Barnaby (USN, 
Ret.), who inquired whether the CAA is reluctant to permit 
towing with cabin airplanes. To this Kidder replied that any 
such restriction is purely a local thought and not of the CAA. 
The cudgel was taken up by F. P. Bundy, of General Electric 
Company, who asked whether the mass ratio of the towplane- 
glider was considered from the turbulence angle. The 
speaker replied that with a light towplane the line is taut and 
minimizes the effect of turbulence. 

Walter Setz, of the NADC, Johnsville, Pa., observed that 
attaching the line to the c.g. point would help the towplane 
and said that thought should be given to recovery of the rope 
in flight on a permanent reel in the towplane. August Raspet 
confirmed Kidder’s performance computations by quoting a 
measurement made on a Super Cub 125. 

In the paper ‘‘Application of Sailplane Performance Analy- 
sis to Airplanes,’’ August Raspet, Aerophysics Department, 
Mississippi State College, described the technique of using 
full-scale flight measurements as a means for investigating the 
quality of the airflow around an aircraft. These measure- 
ments can serve a twofold purpose: (1) to reveal to the 
designer how closely the final product approaches the per- 
formance computations; and (2) as a gage to judge the execu- 
tion of the design by the craftsmen. 

The procedure for a drag polar determination of an air- 
plane is to remove the propeller and substitute a glider release 
by which the airplane is towed to 10,000 ft. and then glides 
down. On large airplanes the climb is under the plane’s own 
power; then the engines are stopped and propellers feathered. 
The total drag is obtained by a measurement of rate of loss of 
potential energy—i.e., altitude. Errors that would be due to 
turbulence are reduced to negligible quantities by conducting 
such tests in the still air of dawn. 

The data obtained from power on and from glide measure- 
ments are reduced to the linearized drag polars, Cz? vs. Co, 
and one is able to separate such performance parameters as 
minimum drag coefficient and the Oswald efficiency factor, the 
overall propulsive efficiency, the cooling drag, and indications 
of boundary layer separation. Separation or a rapid growth 
in the boundary layer results in a rapidly rising drag. 

The selection of an airfoil is nullified by inattention to pro- 
duction methods wherein rivets, seams, and gaps on the lead- 
ing edges will cause a transition from a laminar to a turbulent 
boundary layer. To determine the profile skin friction is not 
too difficult using the integrating wake rake technique de- 
veloped by Doetsch. To investigate the nature of the flow 
over a wing, there is now the simple process of spraying on a 
solution of naphthalene in petroleum ether. In flight, at the 
desired lift coefficient, the film sublimes from regions where the 
flow is turbulent and remains where the flow is laminar. An- 
other technique is to use a stethoscope with a small pitot at 
the end of a long tube. When the pitot probe is placed in a 
laminar flow a hiss is heard, but, when in a turbulent flow, a 
loud frying noise is heard. 

Tests such as these reveal that the minimum skin friction is 
much more than the full turbulent flat plate because of areas 
of separated flow and regions of accelerated flow where the 
skin friction is higher than on a flat plate. The technique of 
measurement, diagnosis, and prescription of modifications 
was applied to the sailplane RJ-5. This world distance 
record holding sailplane was brought from a mediocre glide 
ratio of 29 to the present one of 40. 

A principal conclusion is that current emphasis on airfoil 
selection might better be realigned to an effort to maintain the 
leading edges of the production airplanes, wave free and to 
eliminate zones of separated flow. 

The discussion was initiated by Capt. R. S. Barnaby, who 
asked whether the flush smooth wing will lose its effect unless 
it is polished before each flight and will there be any perform- 
ance gain left if the wing is left dirty. Raspet affirmed that 
the residue of performance gain would still make it worth while 
to have a super smooth wing, though dirty. In any case we 
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might get the equivalent of windshield service in gas stations 
wherein airport attendants will wipe off wings with each pur- 
chase of gas. A. Lipstein, of Schenectady, inquired if the 
laminar separation point on the leading edge would set the point 
of transition even after the wing is made smooth. The author 
replied that laminar airfoils are intended to move the 
laminar separation point far back but that in the wing and 
fuselage intersection transition occurs early on the upper sur- 
face and that the logical way to avoid this is to reduce the 
number of intersections and to use high wing designs. 


R. Griswold, USAF, questioned the economical value to 
air lines of smoothing the wings with putty. Raspet was 
positive that the saving in fuel would more than pay air lines 
for the task of smoothing the wings and remarked that in the 
B.O.A.C. Comet it would be more economical to remove the 
windows and substitute floor shows for entertainment in lieu 
of an outward view. To a remark by Raspet that a pusher 
propeller would permit a larger laminar extent on the wing 
and fuselage, T. O. McClure, of RCA, observed that, in the 
pusher type of airplane and in the helicopters, vibration is 
developed because the blades operate in the turbulent air. 
Raspet responded that boundary-layer control by suction 
should eliminate the low energy wake through which the pro- 
peller passes and which results in vibration of the propeller. 

In the paper, ‘“Measurement of Vertical Motions from a 
Glider,”’ Paul B. MacCready, Jr., Consultant in Meteorology, 
discussed rising awareness of the importance of upcurrents in 
the day-to-day type of flying, whether just for fun or for the 
avoidance of turbulence or to stretch the gasoline dollar and, 
of course, for safety in mountain flying. The glider pilot who 
is always hunting for these invisible upcurrents uses a sensi- 
tive rate of climb indicator called a variometer. 

A variometer is essentially an altimeter with a leak that 
tends to make it read the altitude relative to the altitude a 
moment earlier. The indication of the rate of climb comes 
from the measurement of the rate of airflow. Unfortunately, 
zooms and dives also indicate on the instrument as though the 
glider is in an updraft or a downdraft. 

The sailplane pilot is more interested in what the air is doing 
than in what the sailplane is doing, and by connecting the 
variometer to a special venturi, the air-speed changes, due to 
“stick”? thermals, will be included in the most desirable way. 
In still air, with this arrangement properly coordinated, the 
pilot cannot cause the variometer to budge from zero—even 
if he zooms or loops. Such an arrangement is called a total 
energy variometer. 

The rate of change of total energy is due to the altitude 
change (potential energy) plus the air-speed change (kinetic 
energy) and the air speed (dissipation due to drag). When 
the variometer is connected to the venturi the reading shows 
the rate of change of total glider energy, potential plus kinetic. 

The total energy variometer has its greatest use when the 
pilot is flying at high speeds and is trying to estimate the lift 
available in thermals he passes through. Without the ven- 
turi, ‘‘stick thermals”’ tend to hide true thermals. The aver- 
age effective cross country speed of a glider is increased 
approximately 5 per cent by the use of the venturi. 

Unfortunately, the simplest venturis are so greatly affected 
by yaw as to be unusable, so a venturi was devised which is 
practically unaffected by yaw. It has a plate at the down- 
stream end which serves to keep the exit pressure constant 
despite yaw. 

The total energy variometer will respond to air velocity 
changes, as well as glider velocity changes, since it is con- 
cerned only with the relative motion between glider and air. 
Thus it does not perfectly separate vertical from horizontal 
air motions. 

If it were possible to add the sinking speed of the sailplane 
as a function of air speed to the variometer, the variometer 
would show very closely the exact vertical air motions. The 
slight error introduced when the glider is subjected to G 


loads, which changes the performance curve of the glider, 
could be completely ignored. The air-speed correction can 
be introduced by connecting a pitot tube (which measures the 
total dynamic pressure) to the tube that runs from the air 
chamber to the variometer. In this tube add one or more 
needle valves to act as an adjustable air resistance, such that 
it is 20 times the air resistance of the variometer. Thus there 
is a steady flow through the variometer which is proportional 
to the air speed squared and will cancel out the normal sinking 
speed. 

Another improvement in variometers is to make the indica- 
tion audible. The Temple variometer shows up and down by 
flashing lights and should be a simple one to convert to some 
type of buzzer indication. Sucha variometer, plus the French 
Badin model and also the Aircraft Indicator Company variom- 
eter, should be on the instrument panel of every sailplane. 

In the discussion Raspet pointed out that the originator of 
the total energy variometer was A. Kantrowitz, then of 
NACA now of Cornell University. Ina Letter to the Editor 
(JOURNAL OF THE AERONAUTICAL SCIENCES, 1940, page 523), 
Kantrowitz derived the theory and coined the name ‘“‘total 
energy variometer.”’ 

Commander H. C. N. Goodhart, of the British Royal Navy, 
made a plea for a static connection to reduce the icing difficul- 
ties attendant to the pitot suggested by MacCready for the 
correction of sinking speed variation of the sailplane. To 
this MacCready countered that, ideally, one wishes a higher 
power variation of pressure with speed than even the para- 
bolic provided by a pitot tube. A cubic variation should per- 
mit exact compensation at the higher speeds. Setz reiterated 
the icing difficulties suggesting a flush pitot such as used on 
most modern sailplanes. To Bundy’s query about the be- 
havior of a total energy variometer in turbulent air, both 
MacCready and Barnaby replied that most instrument indica- 
tions except that of the long period averaging types are of 
academic interest only. 

To the old dream of sailplanists to be able to see thermals 
brought up by Stanley Smith, of Bell Aircraft, Karl Lange, of 
the University of Kentucky, known for his pioneer work in 
up-current research, replied that his studies indicate that the 
buoyancy of a parcel of air in a thermal is as much due to 
humidity as it is due to a temperature difference. The very 
small temperature differences measured by Raspet in 1938 
with the temperature gradiometers bear out this fact. Also 
Lange had a strong argument in having traced upcurrents to 
swamps in many cases he studied. Smith pointed out further- 
more that modern infrared and radar technology should be 
considered for visualizing upcurrents. The sharpness of the 
interface was mentioned as a consideration by Bundy. 

These papers covered areas in the field of aviation of great 
interest to those who fly without power. Yet the ideas pre- 
sented may well prove applicable to all phases of aviation. 
To judge from the roster of those who attended, this session, 
which was devoted to motorless flight, appealed to a repre- 
sentative cross section of the aviation world. 


Aerodynamics—IV 
By 


Francis H. Clauser 


Chairman, Department of Aeronautics 
The Johns Hopkins University 


The fourth session on Aerodynamics was a joint session held 
in cooperation with the American Physical Society. Both 
societies hold their annual meetings during the same week in 
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New York. It was a pleasure to bring together members 
from the two societies to hear a set of papers of mutual inter- 
est. 

The first paper of the session, ‘“‘Aerodynamics of Blasts: 
Diffraction of Blast Around Finite Corners,’ was presented 
by Prof. J. F. Ludloff, Guggenheim School of Aeronautics, 
New York University. The co-author, Dr. M. B. Friedman 
joined in the discussion. The problem had its origin in 
studies undertaken during the war to determine what happens 
when shock waves are diffracted by obstacles they strike. 
The simple case of a plane wave striking an inclined plane 
was studied in detail and it was found that discrepancies with 
theory occurred when the reflection was of the Mach type 
with three waves coming together at a point in the gas. To 
understand this phenomenon, several authors attacked the 
problem using various linearizations assuming the disturb- 
ance field was small. Ludloff and Friedman have successfully 
solved the problem when the disturbance is not small. 

They have done this in two ways. First, they have used a 
set of conically expanding coordinates in which the problem is 
elliptic with unknown boundaries. Second, the problem was 
treated as a hyperbolic problem in which the field grows with 
the time. In both cases the problem is solved numerically. 
Considerable attention is devoted to the behavior of the fluid 
around the point which was at the vertex of the corner when 
the shock struck the corner. There was considerable discus 
sion after the lecture of the authors’ statement that the 
numerical difference scheme treats correctly the jumps in 
entropy that occur across the finite lattice points. 

The second paper was entitled ‘‘Pseudo-Transonic Simili 
tude and First-Order Wave Structure.” It was by Dr. 
Wallace D. Hayes, Scientific Liaison Officer, Office of Naval 
Research, London. 

In obtaining the simplication necessary for the linearized 
solutions of compressible flows, it is necessary to neglect the 
variations in wave structure that immediately strike the eye 
when one looks at any picture of a compressible flow. Dr. 
Hayes has examined the second-order terms that give these 
first-order changes in wave structure at some distance from 
the body. 

The important ones are those that are cumulative in their 
action, and he has been able to separate these out. He finds 
that these effects exhibit a similitude that is quite analogous 
to the transonic similitude introduced by von Karman. 

By using these ideas, Dr. Hayes is able to express in under- 
standable terms many of the interesting features of wave sys- 
tems that cause difficulty because of the nonlinearity of the 
equations. 

The third paper was a “Summary of Recent GALCIT 
Hypersonic Experimental Investigations’”’ by Dr. Henry T. 
Nagamatsu, Director, Hypersonic Wind Tunnel, California 
Institute of Technology. In hypersonic flows, the ratio of 
the temperature of the free-stream air to the temperature of 
the air in contact with any solid surface exposed to the flow is 
so great that it causes difficulty both in flight and in the wind 
tunnel. In flight, the free-stream air is at a reasonable tem- 
perature, but the surface temperature soars to staggering 
values. In wind tunnels, the ratio works the other way 
around. Surface temperatures are in the usual range of 
experience, but free-stream temperatures fall to such low 
values that the experimenter is plagued with liquefaction of 
the air. 

In the GALCIT 5- by 5-in. tunnel, measurements were 
made to determine the conditions under which condensation 
takes place. Dry air, free of carbon dioxide, was found to 
undergo considerable supersaturation before condensing. 
Both water vapor and carbon dioxide prevented any appreci- 
able amount of such supersaturation. Heaters have been 
installed to prevent condensation in the working range of the 
tunnel. 

A large number of conventional experiments in supersonic 
flows were done in the hypersonic stream. These included 


heat-transfer and stagnation temperature experiments on a 
cooled flat plate and on cones. Also, direct measurements 
were made of laminar skin friction using a small plate mounted 
in the wall on a balance. It was found that, at hypersonic 
Mach Numbers, the laminar flow was surprisingly stable to 
strong disturbances introduced into the flow. The boundary 
layer was also found to have a strong interaction with the 
shock wave that lies very close to the boundary layer in hyper- 
sonic flows. This interaction causes a pressure gradient to be 
produced on the front portion of the plate. Dr. Nagamatsu 
also gave a brief description of a hypersonic shock tube that 
he and his colleagues have developed. 

The last paper of the session was by Dr. Mahinder S. 
Uberoi, of the University of Michigan, and was entitled 
“Effect of Wind Tunnel Contraction on Free-Stream Turbu- 
lence.” 

Since the advent of the low-turbulence wind tunnel, con- 
siderable interest has developed about the effect the contrac- 
tion has on free-stream turbulence. In such tunnels, screens 
are provided in the settling chamber ahead of the test section 
to damp out the turbulence of the stream. However, such 
screens never damp out all of the eddies, and it is desirable to 
know how the residual turbulence behaves as it is swept into 
the test section. After the air has gone through a grid or 
screen, the turbulence tends slowly to become isotropic. 
However it has been known for many years that, in going 
through a contraction, the fluctuations become highly aniso- 
tropic, the lateral components becoming much larger than the 
longitudinal component. Dr. Uberoi made measurements of 
the changes that occur in the fluctuations when moderately 
strong turbulence goes through several contraction ratios. 
He found that the lateral components did indeed increase 
several fold. He also made observations on the rate at which 
the turbulence again approached isotropy after having gone 
through the contraction. He found that the rate of approach 
was considerably slower than had previously been indicated 
by MacPhail. 


Rocket Propulsion 


By 
James J. Harford 
Secretary, ARS 


for 
Chairman 
Andrew G. Haley 


President, ARS 


Andrew G. Haley 


In the first paper ‘Ballistics of an Evaporating Droplet” by 
C. C. Miesse, of Aerojet-General Corporation, the author 
analyzes the behavior of droplets—particularly fuel droplets 
injected upstream in a ram-jet burner—taking into account 
the droplet velocity and size, air velocity, and physical prop- 
erties of the surrounding air. The analysis is based on the as- 
sumptions that (1) the drag coefficient varies inversely with the 
Reynolds Number; (2) the surface area of the droplet varies 
linearly with time; (3) the velocity of the surrounding gases 
varies linearly with distance. 

The analysis, of potential value to those concerned with 
combustion-chamber design, concludes that maximum drop- 
let diameter—if droplet is to evaporate completely—varies 
inversely with the square root of its evaporation rate. Also, 
it appears that, even though gas velocity affects evaporation 
rate, droplet evaporation takes place in conformity with the 
same laws describing evaporation in still air. The study also 
shows that it is possible to determine analytically the veloc- 
ity profile of an evaporating droplet, the velocity of which 
varies linearly with distance, and it proves that the approxi- 
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mation of a curved air-velocity profile by a series of straight 
lines instead of by a single chord is not warranted except in 
extreme cases. 

The second paper, ‘‘Gas Torch Igniters for Rocket Motors” 
by George N. Woodruff, of Reaction Motors, Inc., describes 
an ignition system that uses a separate supply of propellant to 
create a high-temperature flame for igniting the main body of 
rocket propellants. This system is opposed to the conven- 
tional pilot ignition system, which by-passes a portion of the 
main propellants to an ignition element. Experimented with 
because of its promise for greater reliability, the gas torch sys- 
tem also makes possible a wider selection of propellant com- 
binations as igniters, permits removal of the igniting element 
from the operating region of the rocket motor, and affords 
information that can be applied to liquid propellant igniters as 
well as gaseous igniters. 

Hydrogen and oxygen were the gases used principally in the 
tests because of the clean combustion they produce. Several 
different ignition elements were tested and an electric spark 
system selected as most practical. Various designs of gas- 
bleed surface-gap spark plugs were developed. They have 
been applied successfully to rocket engines over a wide range 
of thrusts at Reaction Motors, Inc., according to Mr. Woodruff. 

The paper ‘‘Toxicity and Health Hazards of Rocket Pro- 
pellants’’ was presented by Stephen Krop, of the Army 
Chemical Center in Maryland. In many cases rocket fuels 
and oxidizers and their decomposition products present seri- 
ous conditions of toxicity to handlers. Mr. Krop analyzed 
the characteristics of some of the leading fuels, including 
ammonia, aniline, ethyl, methyl and furfuryl alcohol, hydra- 
zine, JP-4, hydrogen peroxide, liquid oxygen, and red fuming 
nitric acid. 

In ‘Lightweight Electric Analog Computer with No Mov- 
ing Parts’’ by Dr. Paul H. Savet, of Arma Corporation, the 
computer was developed principally for applications in naviga- 
tion and piloting of aircraft and guided missiles. It performs 
basic calculus operations directly on a.c. electric signals and 
multiplies and divides statically by means of heat transfer, 
thus eliminating the need for servomechanisms, according to 
Dr. Savet. 

It is, essentially, a transducer that dissipates an incoming 
electrical signal into heat. Output of the transducer is deter- 
mined by the unbalance in a Wheatstone bridge to which the 
temperature differential has been communicated. 


Flight Safety 
By 


Jerome Lederer 


Director 
Flight Safety Foundation, Inc. 


for 
Chairman 
T. P. Wright 


Vice-President of Research 


Cornell University T. P. Wright 


The Institute of Aeronautical Sciences deserves praise and 
thanks from students of air safety for providing each year 
since 1951, in a crowded week of technical sessions, a session 
devoted entirely to air safety and billed as such. This has 
had the extraordinary effect of giving respectability to air 
safety as a separate branch of aviation. Air safety is now dis- 
cussed openly instead of out of one corner of the mouth. 
These air safety sessions have always attracted a good attend- 
ance and have provided interesting and occasionally humorous 
discussion. 

In 1954 the first paper was presented by J. N. Pecoraro, 
who heads the Air Applications Branch, Special Devices 


Center of the ONR and was recently awarded the Arthur 
Williams Fellowship by the American Museum of Safety. 
He discussed the use of simulators as a research tool in ‘‘The 
Use of an Operational Flight Trainer as a Research Tool for 
Aircraft Instrumentation and Cockpit Rearrangement.” 

The data necessary for the analysis was obtained from inter- 
views with pilots, observation of pilot activity during flight, 
and study of pertinent literature. 

The report states the problems and requirements for 
establishing a simulation program. It presents the method- 
ology and equipment (Operational Flight Trainer) for evalu- 
ating the various practical configurations and outlines the 
experimental program for their assessment. 

A summary of conclusions drawn from this program to date 
are: (1) The cost of the program averaged $10,000 to $12,000 
per instrument. (2) A new source of “empirical data’’ is 
available for engineers and instrument designers, particularly 
data on training savings on instrumentation based on new 
instrument displays. (3) A means is also available for 
improving operating procedures through simulation of equip- 
ment systems. (4) Since subjective appraisal is still a serv- 
ice requirement, the ultimate would be objective scoring, 
where possible, in actual flight. 

Among the many questions asked was one that added to 
Mr. Pecoraro’s paper by suggesting that when pilots use this 
research tool their proficiency be compared with established 
learning curves. 

Carl Christenson, Director of Safety, United Air Lines, 
Inc., presented the most comprehensive and effective paper 
ever given on the economic aspects of safety, ““Management’s 
Economic Interest in Safety.”” It covered more than pas- 
senger safety however, inasmuch as it also discussed such 
topics as cost of mishaps on the ground. A more appro- 
priate title might have been ‘“‘Management’s Economic Inter- 
est in Loss Prevention,’ because his paper was all inclusive. 

Christenson started by stating the philosophy behind 
management’s economic interest in safety: ‘It is fortunate 
that the social concern for human life and the economic con- 
cern for the protection of both life and property are such that, 
when either one is provided for, the other is simultaneously 
and automatically cared for. Regardless of the motives in- 
volved therefor, whether they be humanitarian, economic, or 
blends and variations of each, consideration for the safety of 
operation is an essential element of good business, and its 
cost is more easily sustained than the price paid for the lack 
ofit.... This economic interest springs primarily from three 
basic factors: (1) the creation of confidence in the minds of 
the traveling public; (2) the increasing efficiency in produc- 
tion and dependability in flight operations; and (3) the de- 
crease in cost of operation.”’ 

Christenson divided his paper into personnel accidents, 
equipment damage, tolerated abuse, and flight accidents. 

A hypothetical air line with 15,000 employees should expect 
2,000 personnel accidents or injuries each year, costing 
$700,000! 

Equipment damage, such as minor damage caused by the 
tail cone of one airplane coming in contact with the wing tip 
of another, would cost possibly less than $100 for repair of 
both aircraft, including labor. But the cancellations of two 
trips, equipment substitutions, ferrying, etc., creates indirect 
losses which in the case of an air line involved in 300,000 opera- 
tions per year will amount to between $600,000 and $900,000! 
Highly congested airports make this problem more acute. 

Tolerated abuse, such as punctured holes caused by drop- 
ping fuel nozzles or by fork lift trucks, add another million 
dollars per year! 

On top of these ground losses are in-flight accidents in- 
volving safety to passengers and crew with modern equip- 
ment. This is estimated at $5,000,000 per accident, the 
intangible losses due to repercussions following the accident 
not being included. 
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In addition, there are flight losses resulting from major mis 
haps such as nose gear collapse. The total costs of these vary 
from $200,000 to $500,000 per year. Captain Christenson 
concludes that, aside from humanitarian reasons, safety is 
“vitally important to sound business practice.”’ 


R. W. Rummel, Chief Engineer, Trans World Airlines, 
Inc., then followed with a design bible that showed how some 
of Captain Christenson’s losses might be reduced. He began 
with a well-deserved tribute to designers and then suggested 
several principles for producing safer aircraft: (1) design to 
prevent the transmission of inaccurate or misleading informa 
tion to the flight crews such as false fire warnings; (2) provide 
simple means for the pilot to cope with emergency situations, 
such as a gang switch to cut out a multitude of electrical cir 
cuits; (3) simplicity of design to reduce manufacturing costs, 
avoid operational delays, ease trouble shooting; (4) learn 


more about ourselves as a human machine and use this 
knowledge as a design parameter; (5) use more extensively 
mock-ups and prototype design testing in development stage 
of design; (6) provide a maximum of system segregation such 
as isolating fuel plumbing from ignition sources; (7) use 
materials and load factors that would increase structural 
reliability, especially to provide greater assurance against 
fatigue failures; (8) provide crashworthiness, including emer 
gency evacuation, to the greatest extent possible without 
losing sight of the primary objective of minimizing the causes 
of trouble. He emphasized the importance of keeping drafts 
men, detailers, and designers fully informed with respect to 
service experience. He ended with ‘‘we must proudly pro- 
tect (our excellent safety record) at all times and constantly 
strive to improve in the future . . . by constant review of past 
operating experience coupled with continuing and expanding 
research activities.”’ 


Erratum 


Fig. 2 of the article “The World’s Largest Wind Tunnel” by W. J. Walker, appearing in the March issue 


of the Review, was incorrectly reproduced 


The following figure should be substituted. 


Fic. 2. Schematic drawing of the transonic compressor, the drive motors, and the supersonic compressors. A sim- 


plified electrical diagram for one set of motors is shown 


At the right in this diagram is the d.c. braking arrangement. 


In the supersonic compressor circuit, one iris valve is shown in a by-passing position. 
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Personnel Training Required to Produce Large Quantities of 
High-Performance Aircraft 


LEVERETT P. WENK* 


Republic Aviation Corporation 


[* LESS THAN A DECADE, the aviation industry has 
been called upon train innumerable 
thousands of personnel in order to build the mighty air 
forces that rained destruction on our enemies and pro- 
tected our ground and Naval forces. To build these air 
forces, our air-frame, engine, and component parts 
manufacturers undertook the tremendous job of training 
unskilled personnel in the various skills and knowledge 
required not only to construct aircraft but to engineer 
them. 

During World War II, a desire to help our Armed 
Forces filled the hearts and minds of all our citizens on 


twice to 


the home front. Many applicants clamored at the 
gates of our aircraft manufacturers for jobs, and when 
the flow of applicants decreased, a patriotic appeal to 
neighboring communities brought large numbers of new 
applicants. 

After the cessation of hostilities in 1945, we all 
watched the various aircraft manufacturers lay off 
not only thousands upon thousands of employees who 
had been so laboriously trained to build the mighty air 
armada we had during the war but also the lower ech- 
elons of management who supervised these employees. 
At the outbreak of the Korean conflict, the air-frame 
and component parts manufacturers in this country 
employed only a small fraction of the number of people 
they had had at the height of World War II. 

Russia and the countries behind the Iron Curtain, 
we found, had not only continued their production of 
military aircraft but had kept their own designers, 
and the designers in the countries behind the Iron Cur- 
tain they had taken under their influence, busy de- 
signing newer, faster, and better planes for aerial 
combat. Thus, this country found itself lagging in the 
manufacture of newer types of aircraft when the Korean 
War began. It therefore became necessary for the 
aircraft industry again to train more thousands of 
workers to build in ever-increasing quantities the finest 
air-borne implements to fight our new enemy—Com- 
munism. 

Because the Korean conflict was only a “‘police ac- 
tion’’ on the part of the United Nations, the all-out 
effort was not there to draw personnel into so-called 
defense industries. It was also a period of relatively 
full national employment, and without the impetus of 
an all-out war, it took ingenuity and perseverance to 
channel workers into a defense industry. The large 

Presented at the Electronics Session, Twenty-Second Annual 
Meeting, IAS, New York, January 25-29, 1954. 

* Director of Training. 
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majority of those who had been laid off at the close of 
World War II had found jobs in civilian industries that 
offered them, to their way of thinking, greater job 
security. They had no desire, and still have no desire, 
to return to an industry that has had as many economic 
peaks and valleys as does the aircraft industry. 


This problem of recruitment has been met in many 
ways. Fora time in the beginning, it degenerated into 
an almost “‘dog eat dog’’ cycle. Skilled personnel were 
bartered for by various, and sometimes devious, means. 
We can thank each other that this pirating has now 
ceased. 

Many companies, in order to make the fullest possible 
use of sources of new man power, restudied the physical 
and mental requirements of their various jobs and 
were able to reduce to the lowest possible rate the 
medical rejection of job applicants. In one company, 
28 per cent of new applicants could not, because of 
minor deficiencies discovered in employment examina- 
tions by the medical department, be certified for work 
on all jobs. However, rather than reject them, this 
company carefully screened them for jobs they could do. 
While these persons now do work that their deficiencies 
do not affect adversely, this utilization has put an added 
administrative load on the company, but this added 
effort has enabled them to use sources that could not 
otherwise have been used. 


I do not for a minute want to give you the impression 
that I feel that man-power problems have been licked. 
For example, more than 600 design and application 
engineers are now working in a single engine plant. 
Although unprecedented numbers of engineers are work- 
ing today to design, develop, and produce the high- 
performance airplanes needed for America’s fighting 
forces, there are still, as we all know, not enough en- 
gineers to meet the demands. As the military forces 
have called upon the U.S. aircraft manufacturing in- 
dustry for planes that fly higher, farther, and faster with 
consistently increasing dependability and fire power, 
the need for engineers has skyrocketed. Today, 
between 50,000 and 60,000 engineers are at work in air- 
frame, engine, and component plants throughout the 
nation. In addition, uncounted thousands of engineers 
are at work in plants of more than 61,000 subcontractors 
and suppliers of the industry. 


To fill the growing need for aeronautical engineers, 
plus that of the rest of American industry, it has been 
estimated that a minimum of 30,000 engineers should be 
graduated from U.S. schools each year. 
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ALL INDUSTRY REQUIREMENTS 30,000 PER YEAR 


Total Engineers 
Required 1953-1956 


Engineers Groduating 


From Cotieges 85,5 
Net Shortage of Engineers 34,500 
ROTC Engineers 38 


ACCUMULATED SHORTAGE 1956 72,800 


1953 1954 1955 1956 


NOTE: THE NUMBER OF ROTC GRADUATES WHO RETURN TO ENGINEERING ACTIVITIES UPON 


COMPLE TION 
OF MILITARY SERVICE CANNOT BSE OETERMINED 


Fic. 1. Engineer requirements vs. college graduates. 


Fig. 1 shows that the minimum total number of 
engineers required for the years 1953 through 1956 is a 
total of 120,000. Engineers graduating and scheduled to 
graduate from colleges during these years total 85,500, 
giving a net shortage of 34,500. In addition to this 
shortage, 38,300 of the engineers now attending en- 
gineering schools are members of the Reserve Officer 
Training Corps. The number of these ROTC grad- 
uates who will return to engineering activities upon 
completion of military service cannot be determined. 
Many will no doubt stay in the Armed Forces. What 
then must the aircraft industry do to acquire its portion 
of the accumulated shortage of approximately 72,800 
engineers by 1956? Compare this with what excellent 
sources of information have said when they stated that 
Russia is today training at least 100,000 engineers each 
year. 

Today, despite the fact that aeronautical science is at 
perhaps its most spectacular stage, aviation careers 
appear to have lost the interest of a large portion of 
American youth. 

For this reason, the success of widespread aviation 
education programs, aimed at placing in perspective the 
startling aeronautical advances and _ revolutionary 
changes of the first 50 years of poweréd flight, has never 
been more important. 

Such programs are already under way on several 
fronts, sponsored by such groups as the National 
Aviation Education Council, the Civil Aeronautics 
Administration, the Civil Air Patrol, the Air Force, the 
Navy, the air-line industry, the aircraft industry, and 
others. 

Leading national educators have undertaken, through 
the National Aviation Education Council and with the 
support of the Aircraft Industries Association, to pre- 
pare materials for the use of schools throughout the 
country. 

Such active programs are long overdue—at a time 
when man’s wings have changed the pace of the world, 
the concepts of commerce, and the tempo of communica- 
tions. 

Today, to help combat this shortage, a number of 
aircraft manufacturers are providing engineering educa- 
tion for their draftsmen and junior engineers, helping 
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them, through financial aid, to attend local engineering 
schools during their off-duty hours. One school serving 
the aircraft industry on Long Island is providing, 
during evening hours, complete engineering courses in 
aeronautical engineering, mechanical engineering, and 
electrical engineering which may be completed in 6 
years. These courses are being conducted at Adelphi 
College in conjunction with New York University. 
During the first 3 years, professors from N.Y.U. are 
coming to the Adelphi campus in order to minimize 
traveling difficulties for those students who attend the 
course. During the last 3 years, when laboratory work 
will be required in N.Y.U.’s Guggenheim School of 
Aeronautics laboratories, bus transportation will be 
provided from the Adelphi campus to the New York 
University campus and return. 

In addition to this course, high-school principals in 
various Long Island communities have been asked to 
recommend outstanding students who, because of 
financial difficulties, are unable to pursue higher educa- 
tion in engineering. These young men are being hired 
by various Long Island aircraft industries as junior 
draftsmen on a 30-hour week. Working 6 hours per 
day, they are able to leave their plants early in the 
afternoon, attend classes, and still have adequate rest. 
Tuition for these courses is being paid by the individual 
participants. Upon successful completion of each term, 
50 per cent of the tuition is refunded by the employer. 
If the student successfully completes the entire 6-year 
course, the other half of the tuition is refunded by his 
employer. 

Many people not associated with the aircraft industry 
wonder why it requires so many more engineers today 


AERONAUTICAL ENGINEERING 


Weights 
Research 
Flight Test 
Structures 
Aerodynamics 
Design 


MECHANICAL ENGINEERING 


Weights - Structural Major 

Research - Those graduates with 
Thermodynamic viajor and/or Fluids 
(not-Stationary Fower Plant) 

Structures- Structural Major 

Design 

Thermodynamics 


CIVIL ENGINEERING 


Weights 
Research 
Structures 
Design 


ELECTRICAL ENGINEERING 


Research - Radio-Electronics Major (not Power) 
Design 


Fic. 2. Assignment of engineers to Engineering Department, 
Republic Aviation Corporation. 
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TRAINING ASSIGNMENTS USUALLY CONSIST OF 6 WEEKS DESIGN 
AND 2 SESSIONS OF 9 WEEKS EACH WITH TECHNICAL SECTIONS 


DESIGN 
6 Weeks 
DESIGN # 
Electrical Yes 
Structural Yes 
Other Yes 
AERODYNAMICS Yes 
FLIGHT TEST Yes 
RESEARCH 
Instrumentation Yes 
Electronic Test Yes 
Structural Research Yes 
Functional Yes 
P.P. & Heat Transfer Yes 
Static Test Yes 
Control Systems Yes 
STRUCTURES Yes 
THERMODYNAMICS Yes 
WEIGHTS Yes 


lst TECH. SESSION 2nd TECH. SESSION 


9 Weeks 9 Weeks 

Stress No 

Stress Stress (Optional) 

Stress Stress (Optional) 

Aerodynamics Thermodynamics 
Plight Test 
Research 

Flight Test Aerodynamics 
Research 
Thermodynamics 

Stress No 

Stress No 

Research Stress 

Research Stress 

Research Thermodynamics 

Research Stress 

Research Stress 

Stress Research 
Aerodynamics 

Thermodynamics Aerodynamics 
Flight Test 
Research 

Weights Stress 


# Design trainees are also expected to spend 2 additional weeks in Loft Engineering training. 


Fic. 3. 


than it did in World War II. It would no doubt be of 
interest to them to know that a typical modern fighter, 
for example, requires 27 times as many engineering 
hours as its World War II counterpart. 

In order to utilize recent college graduates holding 
nonaeronautical engineering degrees, Republic Aviation 
Corporation developed a 6-month transitional training 
program for mechanical, civil, and electrical engineers. 
Engineers with these degrees are assigned to the various 
engineering sections shown on Fig. 2. 

Dependent upon needs and abilities, engineers so 
recruited may elect assignment to the engineering 
section they desire. Once the assignment has been 
made, the program shown in Fig. 3 is pursued. 

These various training assignments are on a rotational 
basis wherein the trainee is required to perform selected 
engineering work under the help and guidance of group 
leaders. 

Fig. 4 shows the number of different kinds of special- 
ists, all having varied skills, who are required to build 
a single aircraft today. Figures have been secured from 
a manufacturer who has built more fighter-bomber air- 
craft than any other manufacturer in the Free World. 
In addition to the 38 different engineering classifications 
required to design and engineer the aircraft, it requires 
an additional 138 different classifications of technicians 
to build it. Indirect labor required to support these 
engineering and direct labor technicians covers 143 
additional different classifications. 
of 319 different skills required. 
have three to six grades. 


This gives a total 
Many of these skills 


Six-month engineering training program sponsored by Republic Aviation Corporation. 


Fig. 4 graphically portrays the variety of skills 
needed to build a single jet power plant. This power 
plant requires 8,854 separate parts and 87 different 
kinds of specialists to create it. The 87 types of special- 
ists, all highly trained in their professions and trades, 
perform several thousand different engineering and 
precision manufacturing jobs. And behind the direct 
engine production workers are hundreds of other special- 
ists employed by subcontractors and suppliers to pro- 
duce many of the jet power plant’s 8,000 plus parts. 

Some help in providing technicians for the aviation 
industry comes from the various technical schools and 
institutions throughout the country, of which there are 
67 in number. The ninth annual Survey of Technical 
Institutes, released last November, states that during 
1952, there were graduated some 3,323 people who had 
followed curriculums in electrical technology. Of 
these, 2,591 specialized in some phase of electronics 
training. Mechanical technology ranked second with 
1,605 graduates, and aeronautics ranked third with 852. 
This was a decrease of some 4.6 per cent when com- 
pared with the number reported in 1951. From this 
relatively small number, I am sure you wil agree that, 
if we want technicians, we are going to have to train 
them ourselves. 

As an example of this type of training, a formal 
program for the training of Methods Analysts was 
developed at Republic shortly after the start of the 
Korean War. Recruits for this program were secured 
from top-grade mechanics who had had well-rounded 
experience in manufacturing. Graduates of technical 
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Fic. 4. It takes 87 kinds of specialists and 8,854 parts to build 
a jet engine. 


schools such as the Academy of Aeronautics and the 
state technical institutions were also recruited as 
trainees. This course varied in length from 16 to 26 
weeks, depending upon the background of the trainees. 
It included such information as blueprint reading, 
methods of material preparation, methods of forming 
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and the determination of the most feasible and econom- 
ical means, machine limitations, and actual job sheet 
writing. 

Another problem that presented itself during the last 
build-up of personnel was the training of tool and die 
makers, those artisans who build the tools with which 
the various parts of an aircraft are made and assembled. 
With every foot of space in the plant needed for pro- 
duction, it was decided to utilize existing training facili- 
ties in the area. To date, the shop facilities of the 
Long Island Agricultural & Technical Institute and two 
high schools have been used to train these important 
workers. 

The course itself was developed by a group of super- 
Many of 
these supervisors, after completing their day at the 
plant, went to the schools and helped in the instruction 
It might be interesting to 
note that all of these men, after receiving some teaching 
instruction in the Training Department and under the 
guidance of the various directors of Adult Education in 
the schools, were all granted State Teachers licenses, 


visors from various sections of the tool shop. 


of trainees for 2 or 3 hours. 


making them more valuable employees to the company. 
Materials used for this program were mostly scrap from 
the plant. 

Trainees selected for this course were required to have 
at least 3 years’ mechanical experience. Many of them 
had been automobile mechanics. In addition to screen- 
ing and interview, they were selected on their ability to 
pass two tests—one, a test of mechanical comprehen- 
sion, and the other, a short test in mathematics. 

This course was originally given on an 8-week basis. 
However, when higher grade tool makers were needed, 
Upon the addi- 
tion of optical tooling, it was extended another 3 weeks, 
to 15. A brief outline of this course is attached as an 
Appendix to this paper. 


the course was extended to 12 weeks. 


When the need for inspectors arose, a similar course 
was developed by Inspection Department supervision 
and was also given at the Long Island Agricultural & 
rechnical Institute. 
hours’ duration. 


This course was of 6 weeks or 240 


Despite the engineering brains that go into the design 
of our modern-day aircraft and the work of the tech- 
nicians who devise the means of building and assembling 
the parts, one rivet improperly driven or a nut im- 
properly torqued may ruin everything the engineers 
and technicians have wrought. How, then, are we to 
train the unskilled man power that is available to build 
and assemble our planes properly? 

Probably the largest categories of workers in any air- 
frame plant are those of riveters, assemblers, and bench 
mechanics (see Fig. 5). Early in 1951, when produc- 
tion was first increased, it was decided to establish a 
‘vestibule’’ training school and to utilize the facilities 
and years of training experience of the Academy of 
Aeronautics. 

At first, courses were conducted at the Academy’s 
La Guardia Field, N.Y., location. In August of that 
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year, a branch facility, the Casey Jones School of 
Aeronautics, was opened in South Farmingdale, 
approximately 1'/. miles from the Republic plant. 
Courses consisted of 80 hours of instruction in 2 weeks. 
During the first year, a total of 3,047 employees were 
trained at these two locations. 

The curriculum was developed at conferences held 
jointly between Republic factory management, its 
Training Department, and instructors from the Casey 
Jones School. To date this school has trained over 
11,000 employees as riveters, assemblers, and bench 
mechanics, in addition to several hundred electricians 
and welders (see Figs. 6 and 7). 

How were these courses developed? First, an analysis 
was made of the knowledge and skills required to do a 
specific job (see Fig. 8). 

Before any program in skills training can be de- 
veloped, we must first know what the workers are 
required to do. In this column we list the various 
operations the worker is required to perform. Second, 
what does he use to perform these various operations in 
the way of materials and tools? Under materials, the 
type of materials and their recognition and working 
properties are listed. As an example, we might use the 
difference between the various types of aluminum-sheet 
stock, or the difference between AD rivets and DD 
rivets. Under tools, we list the type of tools required 
for each operation, the care of these tools when used, 
and the care of these tools when not in use. As an 
example, how does an inspector handle a micrometer? 
Under its care and use, it is not used as a “C’”’ clamp. 
From analysis it has been found that the safest place to 
carry it when it is not in use is in the inspector’s watch 
pocket. He never puts it in his shirt pocket from which 
it might drop to the floor and be damaged. 

Referring to the second part of Fig. 8, before any 
training program can be inaugurated, we must deter- 
mine what related knowledge is required. In other 
words, What He Must Know. Under mathematics, 
is there any figuring? Under drawing, must he be able 
to read blueprints or do any sketching? What trade 
judgment must he be taught in order to perform his job? 
A machinist never uses a 1]4-in. Stillson wrench to 
tighten a !/,-in. bolt. Which bolts in an assembly 
should be torqued with a torque wrench, etc.? Under 
testing, are there any tests that the worker may perform 
to check on his own work? What safety precautions 
must be observed in performing this operation? Last, 
but not least, what are the trade terms that are used 
by people in the industry which would be unknown to 
the trainee? As an example, we speak of a plane’s 
empennage, dihedral of a wing, or Mach Number 
almost every day. The neophyte is unable to under- 
stand these terms without definitions. 

During the last expansion of the aircraft industry, of 
which we have all had intimate knowledge, have come 
many problems both mechanical and human. I do not 
mean to intimate that the problems associated with 
the training of engineers and mechanical personnel have 
all been conquered; they haven't, and I doubt if they 


FIG. 6. 


ever will be. On the human side, I do believe, however, 
that our biggest problem has been the training of new 
management personnel. The most likely source from 
which to draw this personnel has been from the group of 
top-grade mechanics and technicians who know the job 
of building aircraft. Although they had been excellent 
workers when they worked with tools, machines, 
materials, on drafting boards, and behind desks, they 
were now, overnight, required to work with human 
beings. We all no doubt remember the late Friday 
afternoon appointments of new supervisors that we 
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were required to change over a weekend from a me- 
chanic or draftsman to a part of management by Monday 
morning. Some were able to bridge the gap with little 
difficulty, while others, given authority, acted like the 
proverbial old-time top sergeant or went to the other 
extreme and became a Caspar Milquetoast. 

The attitude of a lot of our new workers can probably 
best be illustrated by a story about Sir Christopher 
Wren. It will be remembered that Sir Christopher was 
one of the outstanding architects in Great Britain. He 
designed St. Paul's Cathedral in London. One day 
after construction had been started on the Cathedral, 
he visited the site and saw two stone masons dressing 
stone. He turned to them and asked what they were 
doing. The first man replied that he was dressing 
stone—the second said that he was building a 
Cathedral. Of the thousands of new workers we have 
all hired and promoted, we still have too many who are 
just ‘“‘dressing stone.’’ In other words, they are still 
drilling holes or drawing lines instead of thinking in 
terms of completed planes for the Air Force and Navy. 

How did this lack of interest develop? Was it be- 
cause of a lack of knowledge of human relations and 
interest on the part of some of the new supervisors we 
had made, or was it due to the fact that we had failed 
to train them before they were made supervisors? 
How many of these new supervisors could accurately 
define the difference between compliance and co- 


operation? How many of them were securing only 
compliance from their workers when they thought they 
were getting cooperation? 

Many companies, after analyzing these problems, 
developed supervisory training conferences for both 
their old and new supervisors. At Republic Aviation 
Corporation, such conferences have been continued for 
the past 3 years on a weekly basis. Each supervisor 
from the rank of Assistant Foreman in production 
departments and from Group Leader in indirect labor 
departments have been required to attend a 1-hour 
conference each week. Approximately 60 per cent of 
the material covered in these conferences has dealt with 
the human relations aspect of the supervisor’s job of 
dealing with people. 

These conferences have also been used as a medium 
of communication up, down, and across organizational 
lines. They have also been used as a means of problem- 
solving. It is in this phase that training more than 
pays for itself. 

During a single course of some 20 hours duration, in 
which the supervisors analyzed, examined, and con- 
sidered our operational costs, they were able to identify 
and prevent many serious leaks that were unnecessary 
costs over which they exercised control. The purpose 
of this program was sixfold. 

In analyzing our costs of operation, the supervisors 
were shown that the sales dollar or selling price of our 
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product must be sufficient to cover all the costs of that 
product—or our business might fail (see Fig. 9). 


They were further shown that the habit of accepting 
certain types of costs as inevitable was a fallacy and 
that, if we were to produce competitively, we needed to 
obtain quality and quantity in the most economical 
manner. In other words, the main objective of our 
industry was to give to the Air Force and Navy the 
right amount of the right material at the right place at 
the right time and as economically as_ possible. 
Further, we sought to show that each member of our 
management team was and is in competition with the 
person at the same management level in the plants of 
our competitors and that it is only by accepting this 
theory that we will be able to produce greater quantities 
of quality products in less time by making the best use 
of available man power, machines, and material, there- 
by controlling costs. 


In summary, what may be gained by adopting a 
formalized training program? Many managements are 
still inclined to choose on the basis of immediate costs, 
and uormally the old familiar on-the-job training 
appears to be the more reasonable. The costs of this 
type of training are buried in overall production costs. 
Actually, it may be the most expensive. Consider the 
fact that, when an individual trainee is being trained 
on-the-job, he will require a large proportion of another 
worker’s or supervisor’s time. Compare this with 
“vestibule’’ training where a single instructor may train 
anywhere from 12 to 20 trainees at a single time. 


Second, training on-the-job is normally conducted 
with the trainee working on regular production work. 
If mistakes are made and parts are ruined, think of the 
loss of labor and material that may have already gone 
into the work prior to the operation that the trainee was 
performing. Again, compare this with ‘“‘vestibule’’ 
training where all work performed uses scrap materials 
and parts. 


Third, a better job of selection may be accomplished 
when training is conducted on a ‘‘vestibule’”’ basis. 
The General Electric Company learned this fact almost 
20 years ago when it started training instrument 
workers. During the first week of training, each trainee 
practiced eight different jobs before it was decided 
which one he was best fitted for. 


Believe me, training in itself is an investment and not 
an overhead item. If this is hard to believe, take only 
a moment and look at the Ford Foundation, the 
General Motors Institute and the training programs 
being continuously conducted on a “‘vestibule’’ basis by 
the Bell Telephone System throughout the country. 
Is the operation of a switchboard more difficult than the 
work of any of our technicians or even riveters? The 
very lives of untold thousands depend upon how skill- 
fully they perform their work. 


If we are to secure a sufficient number of skilled 
engineers, technicians, and workers during the next half 
century of powered flight, we must realize that we will 


_ TO HELP EACH MEMBER OF OUR MANAGEMENT 
TEAM TO UNDERSTAND THE USEFULNESS OF 


THE SALES DOLLAR AND ITS LIMITATIONS. 


2. TO HELP EACH MEMBER OF MANAGEMENT TO 
BECOME COST CONSCIOUS. 


3. TO THINK IN TERMS OF MONEY EVERY TIME 


ANYTHING HAPPENS. 


4. TO IDENTIFY THE MANY SERIOUS LEAKS WHICH 
ARE UNNECESSARY COSTS OVER WHICH SUPER- 
VISORS CAN EXERCISE SOME CONTROL. 


5. TO DETERMINE WHAT SHOULD BE DONE TO 


PLUG THESE LEAKS. 


6. TO TAKE THE NECESSARY ACTION TO PLUG 
THE LEAKS. 


Fic. 9. Cost program. 


have to make a large proportion of them ourselves—by 
training. 


APPENDIX—OUTLINE OF TOOL AND DIE MAKERS 
COURSE 


(1) Mathematics 


(A.) Common Fractions. 

(B.) Decimal Fractions. 

(C.) Measurement. 

(D.) Symbolism. 

(E.) Equations. 

(F.) Exponents. 

(G.) Various Formulas. 

(H.) Ratio and Proportion. 

(I.) Geometrical Construction. 
(J.) Right Triangle Trigonometry. 


(I1)-Blueprint Reading 


(A.) Introduction. 

(B.) Three-View Orthographic Projection. 
(C.) Working Drawings. 

(D.) Two-View Working Drawings. 

(E.) Limits and Tolerances. 

(F.) Decimal Dimensions. 

(G.) Surface Quality Symbois. 

(H.) Sectional Drawings. 

(I.) Reference Lines. 

(J.) Approved Abbreviations. 

(K.) Flush Fastenings. 

(L.) Aircraft Standards. 

(M.) Republic Aircraft Drawings and Prints. 


(IIT) Related Shop Work 


(A.) Shop Regulations. 

(B.) Care of Tools. 

(C.) Safety Precautions. 

(D.) Aircraft Nomenclature. 

(E.) Use of Scales. 

(F.) Use and Function of Common Hand Tools. 


(Continued on page 69) 
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Development Problems of the Large Helicopter 


L. DOUGLAS* 


Piasecki Helicopter Corporation 


(1) INTRODUCTION 


i IS CHARACTERISTIC of the aircraft engineer to re- 
gard size as a problem of detail. Once basic princi- 
ples have been established and proved, then the mis- 
sion requirement is viewed for its fulfillment in the op- 
timum arrangement. 

The period of the helicopter concept, by DaVinci in 
1500 A.D. to the autogyro flight across the English 
Channel in 1928 by Cierva, was used in developing 
rotary-wing flight principles. Between 1937 and 1939, 
Heinrich Focke proved the practicability of the heli- 
copter by establishing records of endurance, speed, and 
altitude which fired the imagination of the world in the 
helicopter possibilities. In the relatively brief span of 
15 years since, approximately 40 types of helicopters 
have been procured by the Military of this country 
alone, ranging in size from a gross weight of 700 to 
35,000 Ibs. and in powers up to approximately 4,000 
hp. In reviewing this rapid progress, it is of interest 
to note that eight rotor configurations have been built 
and flown successfully. During this period, helicopter 
engineers settled down to the problems of achieving 
reasonable useful load to gross weight ratios combined 
with the ability to hover at altitude and fly at speeds 
beyond 100 m.p.h. Mechanical reliability, stability, 
comfortable vibration and noise levels, and all-weather 
operation were principal problems attacked with vigor. 
We have now entered a new era of the large helicopter— 
size dictated by requirements of multiengine reliability, 
load-carrying capabilities, and economic transporta- 
tion. 

In the development of the large helicopter, where 
cost of engineering and manufacture is so sizable, it 
is important that close coordination of design, of de- 
velopment testing, and of manufacturing quality con- 
trol be maintained. 


(II) THe DeEsIGNn 


The design of a large helicopter starts with its mission 
or principal purpose. Although the size itself is gener- 
ally established merely by how much pay load and 
fuel are required for performing the mission, the opti- 
mum rotor configuration is established by the type of 
mission itself. For example, the requirements of air 
rescue and antisubmarine warfare are similar in that 
they both need large fuel loads with relatively low pay 
loads. However, they differ in that air rescue requires 
high speed, long range, and high altitude, whereas the 
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antisubmarine characteristics call for low speed, high 
endurance, and low altitude. Further, a helicopter 
designed for troop transport needs a large cabin volume 
to handle troops, litters, and vehicles, as compared with 
the requirements of air rescue and antisubmarine war- 
fare. The range and speed problems of a transport 
helicopter may be different depending on whether the 
usage is for assault or close-in ground support. Addi- 
tional limiting items that affect the over-all design may 
be associated with whether the helicopter is intended 
for carrier operations and its attendant blade folding 
and deck-handling characteristics. Generally speaking, 
helicopter cabin requirements are not very different 
from those of the airplane for similar missions. In 
Fig. I, a side-view photograph of the XH-16 helicop- 


ter, the fuselage similarity to that of fixed-wing air- ° 


craft of its size is immediately apparent. However, 


the fact that the helicopter may additionally make use 
of an external sling to carry items of equipment which 
cannot be contained within the cabin or which is more 
convenient operationally to carry outside is an impor- 
Fig. II is a photograph of an 


tant consideration. 


Fic. I. Side view of XH-16. 


Fic. II. H-21 carrying Army shelter. 
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H-21 helicopter carrying a 2,500-lb. Army shelter from 
an external sling. Later sling design will support the 
cargo at or near the helicopter center of gravity. This 
will permit the handling of large items of cargo weight 
without adversely affecting the control of the aircraft 
due to the swinging cargo. 

The question often arises in military aircraft, as it 
does in commercial, as to the economics of size for 
troop and cargo operations where a large volume of 
low-density cargo is to be transported. Is it more 
economical to perform this operation with many mod- 
erate size helicopters or with fewer larger helicopters? 
Fig. III is a plot of a cost of operation of cargo helicop- 
ters varying in weight from approximately 6,000 to 
50,000 Ibs, It is thus apparent that, other than the 
ability to carry single items of large load, the large 
helicopter is more economical to operate as a transport 
and cargo vehicle. 

It is usually desirable to map the rotor configuration 
for the mission requirement in order to arrive quickly 
at the approximate rotor parameters in order to narrow 
down the area of investigation. A performance map 
such as shown in Fig. IV is helpful in reducing the scope 
of the problem. It is apparent that for a high ratio of 
gross load to power, the low disc loading, low tip speed 
helicopter is optimum. This is accomplished at the 
expense of forward speed. To attain relatively high 
speeds, high tip speeds are required with the consequent 
reduction in gross load power ratio. In that regard, 
Fig. V is of additional interest. It points out that, 
whereas the piston engine is most efficient in the low 
disc loading, low tip speed régime, the turbine will op- 
erate efficiently at higher tip speeds and disc loadings. 

Both on the ground and in the air, the helicopter, 
made up of rotors, drive system, fuselage, and alight- 
ing gear, is a single dynamic unit and must be treated 
as such. On the ground, the oscillation of the blades 
around the lag hinges couples with the oscillation of 
the fuselage on its oleos in what is commonly called 
ground resonance. Hence the importance of lag hinge 
dampers on the rotor blades and adequate damping in 
the oleos. Fig. VI is a typical solution to a ground reso- 


n 4+ 

x 

< 

| 

= 

W 

= 

> 

fe) 
0 10 20 30 40 50 60 


GROSS WEIGHT —(IOOOLB) 


Fic. III. Operating costs of cargo helicopters (50 nautical mile 
radius). 
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GROUND RESONANCE CHARACTERISTICS 
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nance problem, where the required amount of oleo and 
blade damping is established in order to avoid ground 
resonance. Recently, important contributions to free- 
dom from ground resonance have been accomplished 
in the development of controlled leakage blade dampers 
and oleos with flapper valves as a replacement for con- 
ventional metering pins. In both cases, the principle 
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UNCOUPLED VERTICAL BENDING 


COUPLED SIDE BENDING AND TORSION 
Fic. VII. 


Fuselage mode shapes. 


has been to obtain a relatively high amount of initial 
damping. 

In the air, the rotating blades mounted on a fuselage 
develop cyclic forces to which the fuselage can respond 
and amplify if not properly designed. Thus, the design 
of the helicopter fuselage and the mounting for the 
rotor system is more than a mere structural problem, 
in that it involves a knowledge of the dynamics of 
such a system in order to minimize uncomfortable or 
destructive vibration. Fig. VII is a schematic of a 
fuselage and two rotors and the several modal shapes 
encountered in such an arrangement. 

It is not sufficient to consider the helicopter only as 
a dynamic system on the ground and in the air. The 
power system itself, including the drive, must be ex- 
amined for its contribution to the dynamics of the heli- 
copter. This problem starts with the engine. As an 
important inertia member of the helicopter dynamic 
system, the power plant is in an environment very 
different from that of the fixed-wing aircraft for which 
it was developed. As a result, an aircraft engine in- 
evitably goes through some modification program dur- 
ing its service life in a helicopter. Many helicopter 
manufacturers find it convenient to install the engine 
in some inclined attitude from 10 to 70 deg. from the 
horizontal. Inevitably, this has an adverse effect on 
valve lubrication and rockerbox scavenging which 
must be corrected. Decoupled from a rotor system, 
with a relatively small flywheel as compared with the 
large inertia propeller it powers on airplanes, the engine 
must be made to start easily, idle smoothly, and bring 
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Fic. XIV. Wright R1820-103 engine installation in B-17. 
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Fic. XIII. 


H-21 rotor test stand. 


the rotors up to speed in approximately 20 sec. in all 
weather conditions from —65° to 100°F. Throttle 
forces and friction, which normally are not a problem 
in the fixed-wing aircraft, must be low enough in the 
helicopter for the pilot to easily operate a conventional 
throttle twist grip. Since inadequate flywheel usually 
results in poor starting, unstable idling, and premature 
failures of the accessory drive system, it is of interest 
to examine flywheel inertias currently in use. Fig. 
VIII is such a plot and shows the variation of flywheel 
inertias with power. Conventional piston engines 
have three important inertia items consisting of 
the flywheel, the engine inertia, and the accessory sec- 
tion. These three become an integral part of the heli- 
copter inertia systems and must be considered as such. 
For purpose of analysis, the helicopter dynamic system 
may be considered schematically as shown in Fig. IX. 
It is seen that a relatively large number of modes 
should be examined in order to establish the structural 
integrity of the drive system. 

The design of the helicopter drive for large helicopters 
is characterized more by a requirement of large gear 
reductions due to the low r.p.m. of the large rotors 
than by any unique principles of gearing. Since the 
drive system weight is a substantial item of the empty 
weight of the helicopter, it must necessarily be engi- 
neered carefully. Where the units are large, deflections 
of individual gear shafts and bearing supports need 
be analyzed. In addition, improper meshing of the 
teeth with regard to scuffing, pitting, and excessive 
sliding is immediately reflected in heat rejection. For 
the large powers transmitted by such gearing, small 
variations in power losses result in large percentage 
change in heat rejection and aggravate the cooling 
problem of the transmissions. Fig. X is an example of 
heat rejection variation in a single gearbox based on 
various design changes. 

A rotor blade that has stable control loads, and dy- 
namic characteristics that have minimum excitation in 
the operating régime, is essential to good helicopter 
flight characteristics. Since the stability and con- 
trollability of the aircraft is largely dependent upon 
the rotor blade behavior, careful design and a knowl- 
edge of the dynamics of blade operation is important. 
Fig. XI, for example, shows the effect of dynamic over- 
balance on the control loads and stability of an 82-ft. 
diameter rotor blade. It should be noted how even a 
small amount of overbalance has a large stabilizing 
effect on pitching movement characteristics. Fig. XII 
is a typical natural frequency spectrum of a large rotor 
blade. In this case, second mode of flapping, fifth 
harmonic, is closest to the operating régime and should 
appear in flight records. For comparison, Fig. XIII 
shows strain gage traces of this blade at three stations 
during flight at a transition speed of 20 knots. Pre- 
dominant fifth harmonic stresses are apparent. Al- 
though it appears that rotor blade natural frequencies 
may be predicted by calculation with reasonable ac- 
curacy, the high cost of large blades may warrant the 
use of dynamic models as a check. This has been dem- 
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DEVELOPMENT PROBLEMS OF THE LARGE HELICOPTER 


onstrated for a large-diameter jet-driven rotor, in that 
it was possible to simulate not only the behavior of the 
rotor blade itself but the pylon motion due to rotor- 
induced loads as well. 

It is thus axiomatic that careful attention to design 
of all the components of the helicopter is essential in 
achieving an optimum relationship of these components 
to the helicopter as a whole. Since each has an impor- 
tant effect on the dynamics of the aircraft, the compat- 
ibility of the components to the system must be es- 
tablished. 


(III) TESTING 


In any dynamic system, the adequacy of the design 
is established by its behavior with time. It is thus 
desirable that each of these units are life or endurance 
tested in an environment as closely simulating the ac- 
tual installation as is practical. To the helicopter de- 
signer, this test phase is as important as the design 
phase. Since the state of the art is such that life and 
endurance does not lend itself to an exact mathematical 
prediction, it is important that any weaknesses or 
marginal characteristics be determined early in the 
design staye. The testing of large helicopter compo- 
nents presents some new problems associated with large 
size, large torques, or large powers. It should, there- 
fore, be of interest to examine typical test installations 
of this type. 

In an effort to ascertain as early as possible the behav- 
ior of the Wright 1820 engine at altitude, an H-21 
power-plant installation was mounted in a B-17 for 
test purposes, using a flywheel instead of a propeller. 
Fig. XIV is a photograph of such an installation and 
was useful in checking magnetos and carburetors for 
starting and idling, both at sea level and at altitude. 
This test was followed by power-plant and transmis- 
sion testing in a rotor test stand, as shown in Fig. XV. 
This stand is equipped with an H-21 power-plant in- 
stallation, a sawed-off propeller, and a set of rotor 
blades. In this manner, it was possible to develop full 
power out of the engine to the propeller alone, or through 
combination of propeller and rotor. Development 
testing of the H-21 helicopter on the rotor test stand 
was followed by qualification testing on a full-scale 


Fic. XVI. H-21 tiedown tests. 


Fic. XVII. H-21 transmission test stand. 


Fic. XVIII. XH-16 swash plate test stand. 
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helicopter, as shown in Fig. XVI. Both the rotor test 
stand and the tiedown helicopter are means of testing 
components of the helicopter dynamic system {fo- 
gether in order to ascertain their compatibility in an 
idealized vehicle, simulating the actual helicopter. 


Prior to this stage, however, testing of the individual 
components alone to determine their ability to with- 
stand the loads for which they were designed is desira- 
ble. Fig. XVII is a photograph of the back-to-back 
test stand for the load running of the H-21 transmis- 
sions. In this arrangement, an auxiliary gearbox of 
commercial design is looped into a circuit utilizing the 
H-21 gearbox and powered by an electric motor. 
Loads to the gearbox are applied by winding up the 
shaft in the closed loop. In this stand, the wind-up of 
the shafts is accomplished by a differential gearing sys- 
tem operated by another electric motor of large gear 
ratio. It is thus possible, by means of a small electric 
motor, to apply full horsepower to the transmission. 
On this unit, gearing and lubrication problems may be 
tested at an early stage in the development of the trans- 
mission and prior to its installation on the tiedown heli- 
copter. 


The entire upper control system, including the swash 
plate and pitch links can be tested in an arrangement 
such as shown in Fig. XVIII. Each of the pitch links 
incorporates a compression spring. The upper end of 
the pitch link-spring arrangement rides on a cam so 
designed as to develop, through the axial motion of the 
pitch link, the mean and cyclic loads on the swash 
plate. Not only the structural adequacy of the con- 
trol components but the bearings and their attendant 
lubrication problems are thus investigated. 


An interesting arrangement for applying centrifugal 
force, flapwise loads, and chordwise loads to the rotor 
blade and its attachment to the hub is shown in Fig. 
XIX. The blade is loaded axially by means of a gang 
of springs at the outboard end. A system of two bell- 
cranks imposes cyclic moments in the chordwise direc- 
tion at the inboard end of the blade and in the flapwise 
direction at the outboard end and at a frequency ap- 
proaching the natural frequency of the system. By 
means of strain gages at convenient points, critical 
stresses in the inboard hinge and blade ure measured. 
A typical outboard section of the blade is independently 
tested, as shown in Fig. XX. Here, the blade section 
is vibrated at its natural frequency with the amplitude 
of the vibrating unit so adjusted as to give desired 
stress on the blade section. By vibrating the section 
at its natural frequency, a relatively low-powered vibrat- 
ing unit may be utilized to develop relatively high 
stresses in the large blade sections. After having proved 
the structural adequacy of the pieces, the blade it- 
self is whirled on a whirl tower operated by the Air 
Forces at Wright Field, as shown in Fig. XXI. Here, 
the blades, hub, and hinge are completely instrumented, 
and r.p.m. and pitch are adjusted for a series of tests 
throughout the operating régime. Since there is no 
limit to the speed capacity of the whirl tower, over- 
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speed tests are possible on this tower which are not 
practical on a rotor test stand. When all the dynamic 
components have satisfactorily completed their bench 
and tiedown tests, the helicopter is ready for its first 
This, too, is a critical stage in the preflight 
test program of a helicopter, for destructive ground 


rev-up. 
resonance can occur. As a safeguard, a system of 
slack cables tied to the rotor head and snubbed by 
steel posts set in concrete isemployed. Should destruc- 
tive ground resonance take place, the oscillations may 
be brought under control by pulling on the cables be- 
fore serious damage is done. Such an arrangement, 
used for the XH-16 helicopter, is shown on Fig. XXII. 
In this case, because of the size of the helicopter, a 
donkey engine with a hydraulic clutch capable of apply- 
ing 30,000 Ibs. was used. As an additional safety 
precaution, provision was made for a crew of 50 men to 
stand by at the cables to initiate a stabilizing load. 


(IV) QUALITY CONTROL 


It is generally recognized that design and quality 
control are dependent on each other. On one hand, 


the control of quality depends to a large extent on the 
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type of design. On the other hand, efficient design in 
terms of high stresses depends on the ability of the 
organization to maintain a standard of quality commen- 
surate with that design. The control of quality in- 
volves different concepts depending on whether one 
thinks of it as inspection to drawing tolerances or 
the utilization of the properties of materials to their 
fullest potential. The engineer should know to what 
extent it is economically practical to obtain material 
relatively free of impurities and defects and to fabri- 
cate parts to finishes, tolerances, and hardness that will 
produce lightweight components consistently 
economically. 


and 


A simple example of this problem is the installation 
of an ordinary ball bearing. The bearing rating has 
been established on the basis of an installation to cer- 
tain fits of the bearing in the housing and on the shaft. 
Should these tolerances be exceeded, the bearing may 
be preloaded with resultant reduction in life, or so loose 
as to creep on the shaft or in the housing, thereby 
damaging the installation. Since these tolerances are 
relatively close, it is mandatory that the engineer de- 
sign the parts such that tolerances and finishes of this 
type are readily obtained without special and com- 
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FATIGUE RESULTS ON PITTED SPARS 
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plicated machine setups. In a larger helicopter, 
this problem becomes increasingly difficult to attain. 
Therefore, it is necessary that the design reflect this 
problem in minimizing the requirements for the same 
tolerances as was easily possible in smaller components. 


The problem of quality control with size is reflected 
in almost every component of the helicopter. In Dural 
billets, and forgings, the problem of unhealed porosity 
is one that is relatively unknown in the smaller sizes. 
Fig. XXIII is a plot of fatigue tests of tension coupons 
cut out of billets that contain unhealed porosity. In 
steel, freedom from dendritic structure, banding, and 
nonmetallic inclusions are problems that cannot be 
eliminated completely but must be considered in the 
design. A recent experience was one involving the 
pickling of large tubes for cleaning. The difficulty of 
handling was such that overpickling resulted with a 
consequent pitting of the steel tubes. Fig. XXIV 
shows the reduction of the fatigue strength of pitted 
spars as compared with standard material. This same 
figure also shows the effect of vapor and sandblasting 
as a salvage measure to offset the damaging effects 
of overpickling. 

Especially sensitive to process quality is the manu- 


facture of large gears. In order to develop high capac- 


ity, accurately ground carburized gears are generally 
used. This involves many machining, stress-relieving, 
carburizing and heat-treat processes—all of which 
can introduce residual stresses for which there is no 
nondestructive method of inspection. Fig. XXV is a 
photograph of cracks in gears attributed to residual 
stresses from improper processing. These cracks oc- 
curred in some cases in less than | hour of load running 
on atest stand. This condition was entirely corrected 
by process changes. Fig. XXVI is a photograph of 
severe grinding burns in a form grinding operation. 
This condition rarely occurred in small gears; in the 
larger sizes special attention to cooling, size of cut, 
and wheel grit size was required. 


(V) SUMMARY 


The few experiences here mentioned are typical of 
the many associated with the development of large 
helicopters. It is not the intent of these comments 
to overemphasize the problems associated with the 
manufacture of large helicopters but merely to point 
out that there are additional problems resulting from 
size. Like any other development, once the problems 
are exposed they are generally susceptible to ready 
solutions. 


Personnel Training Required to Produce Large 
Quantities of High-Performance Aircraft 


(Continued from page 39) 


(G.) Use and Function of Measuring Gages and 
Indicators. 

(H.) Use of Transits and Optical Positioners. 

(I.) Fastening Devices. 


(IV) Shop Work 


Shop work included the actual building of many jigs 


and fixtures, starting with simple templates and work- 
ing up through form blocks to actual assembly and in- 
Sstallation fixtures. All tools and fixtures built were 


required to pass tool inspection using the same stand- 
ards as used in the tool shop. 


(V) Time Schedule 


Hours Per Day a 


Weeks Related work Shop work 
1-2 6 2 
3-4 4 4 
5-6 2 6 
7-15 l 7 


Members Please Note: 


Have you returned your Roster Card? 
(See page 122 of this issue.) 
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Ninety-one thousand LAC fabricated parts; 11,000 vendor parts; 143,000 ft. (27 miles) of electrical wiring (7,224 individual wires). Integral 


Airplane Design 


in Relation to Safety 


R. \W. RUMMEL* 
Trans World Airlines, Inc 


wing panels replacing 1,500 parts and 5,000 rivets. 


suBJEcT “Airplane Design in Relation to 
Safety” is as extensive as airplane design itself, as 
complicated as our newer transports, and as fundamen- 
tal as mathematics. It applies to every aspect of air- 
plane design, major and minor alike, for almost every 
airplane component, including such small items as 
rivets and wire terminals or such major items as land- 
ing gear or wing spars, can be, and sometimes have been, 
involved directly in matters of safety. Aircraft are 
made of an imposing number of detail parts that must 
be given proper and adequate design attention in order 
not to cause difficulty. Fortunately, however, the 
state of the art is now such that a very small percentage 
of the total number of parts or components actually do. 


The remarkably good scheduled air-line safety record 
that has been attained can, I feel sure, be viewed as a 
tribute to the designers, to the operators who must 
exert constant vigilance, and to the federal authorities 
who establish minimum acceptable criteria and review 

Presented at the Flight Safety Session, Twenty-Second Annual 
Meeting, IAS, New York, January 25-29, 1954. 
* Chief Engineer. 


and approve the aircraft for use in, in the case of the 
scheduled air lines, interstate commerce. 

Safety is an ever-present consideration of responsible 
people involved in the manufacturing, operating, and 
legislative phases of the air transportation business. 
Safety is seldom absolute in any form of locomotion and 
in ordinary use is a relative term of reference. This 
single, all-embracing aspect of airplane design can cause 
more heated controversies, finger pointing, or ‘‘witch 
doctoring”’’ than any other single aspect of design that | 
know of. And it is correct that it should—tt is of vital 
concern to all of us, and the welfare of the industry is 
vitally associated with its attainment. 

Volumes can be written and rewritten on the detailed 
aspects or considerations of safety with relation to air- 
plane design. It is, therefore, necessary for me to 
take some liberties with, or, if you like, apply limitations 
to, this subject. 

I thought it might be interesting to discuss an opera- 
tor’s views on some principles of design which, when 
diligently followed, will produce aircraft still safer and 
views on the desirability for certain improved designs 
and also to give you a few examples of why these things 
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Even with the subject so limited, all aspects 
can hardly be covered in this paper. 

The first principle I wish to discuss is this: Design 
aircraft so the least likelihood for transmitting inac- 
curate or misleading information to the flight crew 
exists. Incorrect information can create unnecessary 
conditions by causing the pilot to take what in an emer- 
gency would be correct action but which in reality would 
be inappropriate under the circumstances. Perhaps 
the most vicious items falling in this category are the 
false warnings, especially the false fire warnings. 

Virtually every fire-warning system with which we 
have had experience has been subject to a certain num- 
ber of false warnings in service. These have been too 
frequent and indicate the need for improvement in 
reliability. Such systems should provide positive emer- 
gency indication, give no false warnings, and should be 
capable of easy manual but preferably automatic con- 
tinuity checks. Some of the newer systems give some 
promise of improvement in certain directions but more 
needs to be done. Perhaps the necessity for the de- 
velopment of more reliable turbine engine temperature 
indicators will pave the way for better detection sys- 
tems. 

To cite an example of how misleading incorrect in- 
formation can be, a case was reported sometime ago 
wherein the warning light for a cabin heater compart- 
ment came on in a modern four-engined pressurized 
aircraft cruising at about 18,000 ft. The pilot went 
through seemingly appropriate procedures, including 
discharging the fire-extinguishing agent, after which 
time the warning light went off. A few minutes later 
the same warning light came on and the pilot again 
discharged CO., whereupon the light again went out. 
A short time later the warning light came on a third 
time at which time the pilot put the airplane into an 
emergency descent, landing at the nearest field under 
far from ideal conditions. The descent and landing 
Upon examination of the heater 
compartment it was found that no fire had existed but 
that an intermittent short occasioned by fatigue was 
the cause of all of the warnings. 

I can cite another case in which a false warning led 
the pilot to land his four-engined, advanced-type trans- 
port in unfamiliar locale on a paved strip only 2,500 ft. 
long without reverse thrust. While the landing was 
made safely without damage to the aircraft or passen- 
gers, it was not under the best of conditions, to say the 
least, and except for false warnings would never have 
been attempted. 


were executed safely. 


Many air lines have experienced a certain number of 
such incidents. A number of false warnings could be 
avoided by closer attention to detail design, including 
more adequate support for, and improved abrasion re- 
sistance of, wires, better terminal design by making 
installations less vulnerable to fatigue and less vul- 
nerable to damage from necessary personnel handling, 
and such obvious things as thermocouple location and 
temperature range. To illustrate the last item, a series 
of aborted take-offs on a certain type airplane were 


7) 


necessary because the warning unit was located so that, 
with the cowl flaps in position for take-off, on hot days 
the detection unit became too hot and responded with 
an indication. This condition has been corrected, but 
it certainly never should have existed. Another new 
type airplane reportedly had identical difficulty even 
though it was manufactured a full year later. It, too, 
has been corrected. In each of these cases such testing 
of the systems as was done by the designer obviously 
did not simulate actual operating conditions or consider 
the necessary operational tolerances. 

While none of the cases of false warning referred to 
here resulted in accidents, an exposure to potential 
trouble was involved which, if repeated often enough, 
would be caught up with some day by the law of proba- 
bility. 

Other types of misinformation that can lead to 
trouble are false landing gear position indication, in- 
correct flap position information, and incorrect fuel 
gages, not to mention incorrect flag position on flight 
indicators, incorrect instrumentation, incorrect naviga- 
tion information, etc. 

I presume it is hardly necessary to mention that re- 
peated false indications can be vicious, since repetition 
is disarming and tends to breed neglect and/or lack of 
confidence in the warning system involved. This applies 
to both false danger as well as false safety warnings. 

The second principle of design is always to provide 
simple means whereby the pilot can expeditiously, 
intelligently, and reliably cope with such emergency 
situations as may arise. To illustrate this I point out 
that one recent aircraft has a single switch that deac- 
tivates all of the nonessential electrical loads and other 
loads not required to maintain straight and level flight 
retaining minimum navigation and communications 
equipment. Thus, when the pilot receives a warning 
indication or suspects electrical system difficulty, he 
must do one thing and one thing only—throw an emer- 
gency switch that deactivates a bus powering approxi- 
mately 90 per cent or the electrical system. The chances 
are then about ten to one that he has also deactivated 
the source of trouble. Then it is probable he can hunt 
for the trouble by activating suspected circuits one at a 
time on a less urgent basis. The same type of thinking 
and planning can and should be applied to a reasonable 
extent to other aircraft systems in future aircraft. 

We have long believed that emergency systems, such 
as fire extinguishing, flare release, firewall fluid shut-off 
valves, and the like, should be manually actuated rather 
than have their usefulness dependent upon the integrity 
of a power system. This, quite obviously, is because 
the system that caused the emergency to arise may be 
the same system that powers the emergency device, 
thus making advisable protective action impossible. 
However, as aircraft become larger, the practicability 
of manual systems diminishes, which is by way of 
saying, and I hope I am not being reactionary, that be- 
cause of the size problem all the more justification 
exists for the application of design ingenuity to match 
the reliability of the simple direct manual system. To 
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further emphasize this general point, it should be kept 
in mind that major accidents are seldom caused by the 
occurrence of only one unusual circumstance but are 
almost always the result of a combination of several 
unusual circumstances, all usually compounding against 
safety at a critical time. 


Quite obviously, the simpler an aircraft can be made, 
the greater command the pilot will have of such emer- 
gency situations as may arise. An aircraft of really 
simple design should present a relatively simple emer- 
gency evaluation problem for the crew and, in addition, 
should have the advantage of being an airplane that is 
relatively easy to operate and, perhaps most important 
of all, one that is the least subject to mechanical failure. 
However, an airplane designed specifically to simplify 
cockpit procedures for normal operation, itself an im- 
portant safety attribute, is not necessarily an airplane 
that can be readily diagnosed under emergency condi- 
tions. For example, one way to simplify cockpit pro- 
cedures is to make systems more and more automatic 
so that the flight crew is able to devote more time to 
matters other than detail. Pressurization, air flow, 
and temperature controls in some late type aircraft are 
examples. Autoelectric load monitoring, automatic 
fuel tank selectors, and inertia switches are a few exam 
ples of devices aimed at relieving the flight crew of de- 
tailed duties that can detract from what is normally the 
main job at hand. The addition of automatic systems 
and gadgets adds considerable complexity to the air- 
plane which, while on one hand improves safety by re- 
lieving crew work load, on the other hand can very 
noticeably complicate the crew's problem of coping with 
emergency situations because this very added com 
plexity of design adds to the difficulty of making rapid 
analysis of the cause of trouble, as well as determina 
tion of the proper corrective action. Also, the greater 
the number of accessories and, the more extensive and 
complicated the systems, the greater the opportunity 
for failures and attending hazards. This being the 
case, a plan for gross deactivation or system immuniza 
tion, such as mentioned before in the specific case of 
one type aircraft’s electrical system, or perhaps some 
other means that will accomplish the same objective, 
should be sought to be included in all future transport 
aircraft to simplify diagnosis of trouble. 


The third principle has already been touched on, 
but I should like to emphasize it further, and that is 
simplicity of design. Much has been said in the press 
recently about the complexity factor, its serious effect 
on manufacturing costs, its general adverse effect on 
maintenance, its contribution to delays, and its prone 
All of 


these negative factors are unquestionably true and 


ress to promote difficulties of trouble-shooting. 


alone are suflicient cause to emphasize and re-empha 
size simplicity. It has been my observation that it is 
generally much easier to design a complicated gadget 
or system than it is to develop a simple unit. Ordi 
narily the simple functional design is the result of either 
sheer genius or more than likely the result of tedious 
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and time-consuming efforts that are frequently an evo- 
lutionary process from the complicated design to the 
simple design. Aircraft seem to stand in a complexity 
class all by themselves, since they include more safety 
devices, protective circuits, and emergency systems per 
cubic foot than any other public transit machine. The 
addition of all these safety devices does indeed provide 
elements of safety, but there is such a thing as com 
pounding safety protection to the point where the over 
all complex design may be less safe than would be a 
simple, direct, unprotected but ruggedized system. 
There is no substitute for sound judgment based on 
experience in this matter, but certainly much should be 
said in favor of greater simplicity. In many instances 
greater attention to simplified design detail will do more 
to promote greater safety in future designs than will 
complicated, compounded back-up type protective 
systems. Rugged simplicity combined with adequate 
attention to detail is commended and should be en 
couraged. In addition to being simpler and more 
reliable, such designs will frequently weigh less. 
Generally speaking, it would seem much better to 
provide simple, direct, ruggedized systems backed up 
when necessary by independent and simple emergency 
actuating systems rather than to complicate the 
original system design by double or triple protective 
devices until the basic system is so entwined with the 
emergency system that mechanical failure probability 
is multiplied because of the resulting complexity, not 
to mention possibilities of human failure (if it can really 
be called that) to cope with involved sequential gyra- 
tions or complex procedures. So-called human failure 
of this type is frequently the result of failure of the 
designer to recognize human limitations to cope rapidly 
with complicated interrelated functions, particularly 
when erroneous and sometimes incomplete information 
is available. Design it simple. Make it simple to 
Make it so it cannot be incorrectly sequenced 
or operated. 


operate. 
Make it so it cannot be incorrectly in- 
stalled, but always strive to retain the ultimate in sim 
plicity. By “simple” design I mean design that is un 
compounded, uncombined, elementary, free from un 
necessary complexity, not hard to understand, straight- 
forward, and plain. With ever-increasing system per- 
formance demands this is not easy but will, if and to 
the degree attained, surely result in still safer aircraft 
than are operated today. 

The fourth item or recommendation through which 
safety can be still further improved in the future is to 
learn more about ourselves—that is to say, the human 
machine and its limitations—through research and to 
consider the knowledge thus gained definite design 
parameters. While some work has been done, the com 
plex relationship of the human to the design problem 
should be investigated much more thoroughly. For 
example, we should try to determine human behavior 
when stimulated by sets of adverse circumstances to 
determine better the action that can reasonably be 
expected when mechanical failures under certain critical 


conditions occur. It is time we pursued human re 
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search with the same zeal that is typical of such items 
as structural or power-plant research. The flight simu- 
lator arranged to represent designs of systems under 
study would seem to be a very good vehicle by which 
design philosophies could be explored and evaluated in 
terms of human response and limitations under both 
normal and emergency conditions. This is but one of a 
number of practical avenues of approach open to gain- 
ing more information; however, the real point I wish 
to make here is that ultimate absolute safety can be 
developed best if designers can, in the future, more 
reliably tailor their designs to the human and _ his 
natural limitations. 

The next point I should like to make is that great 
use of mock-ups and prototype design testing is help- 
ful during the development stage. Air lines have en- 
countered and have had to overcome unsatisfactory 
conditions which with but a modest amount of addi- 
tional testing or testing under conditions more repre- 
sentative of actual operations could have been avoided. 
[ am sure most of us can agree that it is usually cheaper 
and more prudent to correct design deficiencies prior 
to, and not after, placing the article into production. 
Not long ago a manufacturer of a relatively new trans- 
port corrected an inadequate airflow problem in the air- 
plane’s heating system by adding a second ventilating 
blower downstream of the heater. The combustion 
air supply into the heater was taken from a point in the 
ventilating air duct upstream of the heater. This 
worked well until certain exigencies arose in which the 
upstream ventilating blower failed and the added blower 
continued to run. This caused a suction at the com- 
bustion air take-off which pulled smoke into the ven- 
tilating airstream. Had this system originally been 
more adequately mocked up, the basic inadequate air- 
flow condition that led to the installation of the second 
blower would have been discovered and corrected. 
Further, solution to the problem would not have been 
limited by the existence of the finished article which 
required a rapid operational change but would have been 
solved pretty much as was finally done anyway. The 
final arrangement accomplished when the airplane was 
in service incorporated a completely independent com- 
bustion air system and eliminated the additional blower 
by cleaning up the original duct system, decreasing the 
pressure loss that had originally required the additional 
blower. Many design deficiencies can be engineered out 
during development by use of detail mock-ups suitable 
lor not only determining system performance but safety 
aspects as well by rational simulation of component 
failures. In a case in point a blower was overheating, 
failing after only a few hours of operation, the final 
stages of failure being accompanied by large quantities 
of smoke. Investigation revealed that the cooling fan 
in the motor was opposing the airflow required for cool- 
ing. The result was that the motor simply was not 
being adequately cooled and, of course, failed. The 
cooling fan was reversed and the problem thus solved. 
This difficulty could easily have been determined with 
nore complete working mock-ups during the develop- 


FAN COOLING PROBLEM 


BEFORE AFTER 


ment stages. Needless to say, the existence of smoke, 
even though the cause may not mechanically impair 
flight safety, can lead to worried action which like 
false warnings is not necessarily in the best interest of 
safety. Other examples could be cited, but I trust the 
two examples given will serve to illustrate the point that, 
while mock-ups have been used extensively in the past, 
safety can be better ensured through still more ex- 
tended use of them in the future. One of the leading 
English manufacturers developed a complete working 
mock-up to aid in the development of a very large four- 
engined, turboprop-powered transport. This is a metal 
mock-up and is virtually a complete airplane except 
for outboard wing panels and portions of the tail sur- 
faces. It is complete including airplane structure, air- 
plane systems, power plant, landing gear, etc. This 
company made use of the mock-up for design and sys- 
tem performance verification. Considerable engineer- 
ing time was saved by using the mock-up to check out 
hydraulic plumbing runs, separation of hydraulic tub- 
ing from electrical wiring, integration and separation 
of system components, maintenance accessibility, sys- 
tem performance, and unit reliability. The mock-up 
was retained following prototype development and is 
now used as an aid to making changes and improve- 
ments in design necessitated by the availability of new 
products, further service experience with the aircraft, 
etc. Through use of this mock-up many not-so-obvious 
faults were discovered and resulting design improve- 
ments incorporated in the prototype airplane. The 
advantages to this method of expediting design are so 
obvious that it is rather surprising that wider use of 
the complete metal mock-up has not been made. Also, 
much can be said in favor of use of extensive mock-ups 
for improving and substantiating emergency system 
design, as well as determining compatibility of each 
system with the other. Controlled tests of power- 
plant installation fires employing the fire-extinguishing 
system definitely would answer many questions better 
than regulations and printed material. 


The next point I wish to make is that safety requires 
that the greatest degree of system segregation should 
be provided in designs. All fluid, plumbing, and acces- 
sories should be completely isolated from ignition sources 
and should be sufficiently far away from electrical wir- 
ing to preclude the possibility of shorted wires burning 
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through the plumbing lines or from fluid leaking, drip- and mechanical, hydraulic, fuel, and oil systems. In 


ping, or flowing onto electrical devices. Reasonable 
system and component segregation should be made 
one of the manufacturer’s primary design criteria at the 
outset. The Douglas DC-2 and DC-3 were provided 
with plumbing tunnels forward of the wing and along 
the fuselage, available from the exterior of the airplane. 
These tunnels contained most of the plumbing runs in 
these parts of the airplane and isolated them from the 
rest of the airplane. Some of the DC-3’s recently re- 
tired are believed still to have some of the original 
plumbing in these tunnels. This feature provided 
complete segregation, ease of maintenance, and _ pro- 
tection from attrition from maintenance personnel. 
Fuselage pressurization complicates designs of this type; 
however, there are many obvious and important advan- 
tages to complete segregation. Any thinking that 
system segregation is not important, if noninflammable 
hydraulic fluids are carried, should be discouraged be- 
cause noninflammability is entirely 
tion and degree. 


a matter of defini 
At the same time we should not dis- 
courage but should definitely encourage the develop- 
ment of still more practical “‘noninflammable”’ hydraulic 
fluids for use in new aircraft which are also suitable for 
use in currently operated aircraft. The main principle 
we should hope to achieve with system and component 
segregation is isolation of or, if you prefer, reduction in 
probability of compounding any hazards that may 
arise. It is important that mechanical failures, for 
example, drive shafts, do not tear out plumbing or 
wires or accessories if they fail. It is important that if 
a fluid line should fail, the fluid would not be discharged 
into an area where ignition could occur. 
tant that smoke hazards, 


It is impor 
particularly in pressurized 
aircraft, be held to an absolute minimum by special 
consideration of materials used. It is important that 
every reasonable attention be given to isolation of any 
hazard which can reasonably arise. 

In some locations in the airplane, complete system 
segregation is of course difficult, such as in the power- 
plant installation that must be a mixture of electrical 


these cases it is important to see that area segregation is | 
complete and the segregation will be maintained as long | 
as possible under emergency conditions. Flexible or 
extensible seals should be provided so that cowling can 
be deformed and still maintain the needed seals. Fuel 
systems should always be segregated so mechanical 
damage in one locality will not incapacitate another 
engine. Major fuel system appliances, such as strain- | 
ers, should be suitably located or protected. Shut-off 
valves at the fuel tanks should be provided in addition 
to firewall shut-off valves and should be capable of 
positive actuation by the crew—one tank at a time or in 
combination. Sufficient component isolation so as to 
minimize the effect of progressive failure is necessary. 
For example, use of engine oil to drive cabin super- 
chargers can result in contamination of the engines from 
supercharger failure or vice versa. 
segregation may, 


Complete system 
never be achieved. How- 
past experience clearly shows the desirability 
of very great system segregation. 

For the next item I should like to make a plea for 
maintaining reasonable structural conservation infuture | 
designs. Use of fatigable materials is a trend that we 
should question. 


of course, 
ever, 


Unless the application of such ma- 
terials is well studied and unless the detail design of 
parts takes into account greater inherent susceptibility 
to fatigue, we do ourselves a disservice. Such materials 
should be used conservatively and only in locations not 
subject to shock or tension loads. I would hate to see 
load factors and margins of strength reduced in future 
designs compared to what we have experienced in the 
past just because experience indicates that the basis 
used in the past has been good. Indeed, one might be 
inclined to think that load factors should perhaps be 
raised in the future somewhat because of the increasing 
It is 
perhaps not necessary to point out that as yet there has 
been no high utilization service with new type high- 
speed, turbine-powered commercial aircraft. 


importance of dynamic loads as speed increases. 


Such air- 
craft will have certain structural advantages and per- 
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haps disadvantages compared to present aircraft. For 
example, I doubt if we yet know the effect, if any, of the 
high-frequency, low-amplitude vibration on the air 
frame, nor are we perhaps fully familiar with local ac- 
celerations and structural loading due to dynamic re- 
sponses when flying at high speed even in mild turbu- 
lence, nor should we lose sight of the latest data which 
indicate that, while the frequency is less, gust intensity 
is not necessarily less at high altitudes than at low 
altitudes. While the probability of encountering high- 
intensity gusts at high altitudes is less than at lower 
altitudes, this does not necessarily ensure maintaining 
reasonable structural margins unless those margins are 
proportionately compatible with loads involved when 
encountering gusts, however infrequent, at higher 
speeds and altitudes. This whole point can be summed 
up as a plea for structural conservatism and for use of 
ductile materials. 

Crashworthiness versus airworthiness is certainly a 
big subject. I think most will agree that the first job 
of any designer or manufacturer in building for greatest 
safety is to provide the greatest practical degree of air- 
worthiness for the crew and passengers. It is far more 
important to build an airplane so that it will not en- 
counter trouble than it is to make it so it meets trouble 
well. On the other hand, there are many features of de- 
sign which can provide in the overall interests of safety 
reasonable crashworthiness without sacrifice of air- 
worthiness features. These should be provided to the 
maximum extent possible. Such things as elimination 
of sharp objects with which the body can come in con- 
tact, elimination of the possibility of doors or panels be- 
coming missiles in the event of sudden depressurization, 
adequate retention of accessories such as fire extinguish- 
ers, first aid kits, and the like so they cannot be torn 
loose, special attention to detail design features of seats 
such as softening the impact of the seat backs, the pro- 
viding of deformable seat armrests and the like are im- 
portant considerations. Current research in the crash- 
worthiness field is believed most commendable and 
should continue. We should never lose sight of the 
primary objective of good commercial aircraft design, 
however, which is to make the airplane safe and reliable 
so that minimum cause for trouble will develop. 

Emergency evacuation is closely related to crash- 
worthiness. Considerable progress has been made in 
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this field and should be continued. For example, pas- 
senger evacuation chutes that do not require support 
by hand at the ground would help. Location and 
size of emergency exits or doors is certainly a suitable 
subject for constant attention. The same is true of 
means for getting from a window type exit to the ground. 
Additional tests and research on this subject should 
continue. 


The subject of airplane design in relation to safety 
has been barely touched upon here. There are many 
additional points that could be treated. 


In conclusion, I should like to make one more point 
on safety and that is the extreme importance of keep- 
ing the draftsmen, the detailers, and the designers fully 
informed with respect to service experience. While air- 
plane manufacturers universally attempt to accomplish 
just this, I should like you to remember that many of 
our difficulties are due to details as contrasted with ma- 
jor structural or component difficulties. 


I should like to say again that the excellent safety 
record obtained by the U.S. air carriers through indus- 
try efforts at large, including the manufacturers and 
federal officials as well as air-line personnel, is a record 
that we must proudly protect at all times and constantly 
strive to improve in the future. This can best be done 
by constant review of past operating experiences cou- 
pled with continuing and expanding research activities. 
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Economic Considerations of the Transport Helicopter 


JAMES B. EDWARDS* 


Douglas Aircraft 


ABSTRACI 

This paper traces some of the basic rules by which the com 
mercial air transport industry has achieved its present standards 
and relates these to the present status of the helicopter in commer 
cial transport planning 

As an approach to the basic economic problem involved (will 
the allowable passenger fare permit a profitable operation), an 
example of helicopter versus DC-83 operation is analyzed. In 
this amalysis, the intercity operation emerges as a logical first 
step to establish working rules for designers and operators, and 
the $6,000 per year man points the way to a passenger fare level 


DISCUSSION 


QO' THE 25 YEARS I have enjoyed in aircraft engi 
neering, roughly half have been devoted to aiding 
the development of transport airplanes. 

During this period, I have been privileged to witness 
the efforts put forth by manufacturers, operators, and 
Government agencies to bring our national and inter 
national air transport systems to their present high 
standards. 

The precepts by which these groups are guided have 
been, and still remain, safety, comfort, speed, and econ 
omy. In a private enterprise operation, no trans 
port airplane has been a success without improving 
these qualities over those of its predecessor. 

Since all these qualities are relative rather than ab 
solute, a base had to be established by early experience 
and then improved on by repetitive steps of scientific 
development, public acceptance, and operational profit. 
While I do not attempt to minimize the headaches that 
went into this process, I think it may be safely main 
tained that, in essence, this has been an orderly de 
velopment in which the fundamental rules were well 
known to all concerned. 

During the past 2 years, I have concentrated exclu 
sively on helicopters and have listened to and have 
read thousands and thousands of words spoken and 
written about the developments and prospects of this 
industry. I am sure all of you with whom I have talked 
in the last 2 years recognize the extent of my interest 
in this form of transportation, but even with all this 
enthusiasm, I cannot help but feel deep concern at 
the measure of optimism shown in most of these thou- 
sands of words. 

Up to this point, by comparison with the fixed-wing 
transport industry, there has been a 
public acceptance (of an idea)—a 


tremendous 


very substantial 
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scientific development (of military machines)—-and no 
profit. 

The public acceptance has been engendered by many 
wonderful and worth-while things—the medical evacua 
tion operations in Korea and Indo-China; the Nether 
lands flood aid activities; the Navy and Coast Guard 
sea rescue missions; the clockwork operations of New 
York Airways, Los Angeles Airways, and Chicago Ait 
Services; and the demonstrations of helicoper capa 
bilities brought to groups all over the country by such 
industry representatives as Joe Mashman, of Bell 
Aircraft. It is only natural for John Q. Public, after 
seeing these things, to envision his own simplified trans 
portation from Bremerton to Seattle, or Catalina to 
Los Angeles, or Mineola to Manhattan, and he is abso 
lutely right except that neither the manufacturer nor 
the operator has any ground rules by which they know 
how to satisfy this unfilled public demand. 

As I said before, safety, comfort, speed, and economy 
When we talk of the transport 
helicopter, we can relate safety and comfort to the stand 
ards of transport airplanes and thus have a measure 
When we talk of speed and economy, we are comparing 


are relative terms. 


with trains, busses, taxis, and all forms of surface 
transportation, or to transport airplanes in combina 
tion with the surface vehicles. This, it seems to me, is 
not a very solid footing until a measure of public ac 
ceptance against the tariff required has been obtained. 

Now, in most of the literature on helicopter passenger 
operations, three spheres of operation are generally con 
sidered: the airport to city-center service, the com 
muter service, and the local service type operation now 
accomplished by fixed-wing aircraft. 

Of these three, it would seem that the first two, 
while of great eventual benefit to both tempers and 
living habits, are beset by so many operational and 
economic problems, such as rate structure, baggage 
handling, helicopter utilization, heliport locations, 
noise level effects, etc., that they may lag behind the 
local service type operation that basically replaces an 
existing airplane on an existing air service with a 
nonexistent helicopter. 

As manufacturers of by far the greater majority of all 
transport aircraft operating the world today, the Doug- 
las Aircraft Company has an inherent interest in this 
new field. As builders of the DC-3, still the standard 
workhorse of the world’s air-line fleet, we have a par- 
ticular interest in any vehicle that might economically 
replace this aircraft. 

One need only review the numerous attempts that 
have been made in the past 10 to 15 years to produce 
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a more economical vehicle than the DC-3 to realize 
that it is a difficult criterion to meet. I am sure that 
other aircraft manufacturers must have often come to 
the same conclusions that we have reached in our 
numerous design studies of a fixed-wing ‘“‘DC-3 replace- 
ment”’: 

(1) Considering the average trip lengths that the 
DC-3 is now called upon to fly, there is little advantage 
in having a substantially higher cruising speed. 

(2) Considering the traffic density of the routes the 
DC-3 is flying, the inherent economies of a substantially 
larger aircraft cannot be realized and at the same time 
maintain an acceptable level of flight frequency. 

(3) Increased labor and material costs would raise 
the price of the DC-3, if built today, to three .or four 
times its initial selling price and to several times the 
surplus or present-day market value. 

As a result of these conclusions, coupled with the fact 
that today’s reciprocating engines show little or no 
improvement in fuel economy over those presently 
being used in the DC-3, it can be appreciated that little, 
if any, increase in economy can be expected from a 
conventional short-haul 


fixed-wing aircraft for the 


market. It is for this reason that we are studying the 
commercial helicopter to see whether it offers a solu- 
tion to this problem. 

This market will service those persons now being 
the United States by 
DC-3’s or in Convair and Martin equipment, in addi- 


transported domestically in 
tion to travelers currently using surface transporta- 
tion. 

The economic position of the local service carriers is 
ample evidence of the high costs incurred in short-haul 
air transportation. 

The local service carriers have not been singled out 
here for the purpose of criticism but only to demonstrate 
the inherently high costs that are associated with short- 
haul transportation. the trunk 
lines conduct operations that are basically similar in 


Many of domestic 
characteristics to those operated by the local service 
carriers, and were it not for the profitable long-haul 
operations their income statements would reflect the 
same conditions. The local or feeder air lines have 
made tremendous strides in reducing their mail pay 
need since their certification. However, I am sure that 
they will agree that with their present equipment their 
chances of obtaining economic self-sufficiency are still 
many years off. I am also certain that these air lines 
are unanimously in agreement that they cannot achieve 
this hoped-for goal by increasing their fare levels with 
present equipment. The result of this latter adjust- 
ment would be to drive a much greater proportion of the 
present air travelers back to using a surface means of 
transportation and, hence, losing more revenue than 
would be gained from the higher fares charged the re- 
maining passengers. 

From this qualitative line of reasoning one might 
conclude that there is little or no future for short-haul 
air travel, since it does not appear that costs can be 


reduced or fares increased sufficiently to offset the pres- 
ent levels of subsidy that are required. 

Moreover, as a great many studies have indicated, 
the time when a helicopter can compete costwise with a 
DC-3 is many years into the future. These studies 
have all concluded that such a helicopter must have 
somewhere between 40 and 60 seats to compete with a 
depreciated DC-3. It will be many years before the 
short-haul air transportation industry will be able to 
absorb a vehicle of this size. The present DC-3 load 
factor in local service is in the neighborhood of 40 per 
cent, and, in most cases, the flight frequency is already 
at the minimum acceptable level. From this, it may 
be concluded that the helicopter’s economic charac- 
teristics will do little to alleviate the previously noted 
high cost of short-haul air transportation. 

Therefore, it appears that, if the helicopter is to 
better the economics of this type of traffic, it must do so 
by increasing the revenue portion of the profit and loss 
statement. If the service can be made more attractive 
by increasing the overall city-center to city-center speed 
or convenience, the unit fare structure can be increased 
because the air-line operator will be selling a better prod- 
uct. The best economic balance between these two 
factors will not be known until actual operations are 
well under way, but it is obvious that even the better 
product will not be salable at too great an increase in 
cost. 

Tables I and II indicate the extent that fares might 
logically be increased. 

Table I represents the timesavings possible between 
the DC-3, operating from present airports, and a 
similar sized helicopter operating out of the metropoli- 
tan area. The particular condition shown here repre- 
sents a 200-mile passenger journey, wherein the air- 
craft makes two en route stops between the passengers’ 
origin and his destination. While this represents the 
average condition prevailing for the local service car- 
riers, it is believed indicative of the conditions that 
would also prevail on the “‘local service type’’ routes of 
the major trunkline carriers. 

Analysis of limousine travel time, between various 
city-centers and their fixed-wing airports, indicates that 
an average of 45 min. for a one-way trip can normally 
be expected. Since the helicopter will not operate 
from the top of every office building or hotel, it has 
been assumed that an average of 10 min. would be re- 
quired for the passenger to arrive at the heliport via 
taxicab or other surface means. 

The waiting time at the airport prior to departure 
has been assumed to be equal for both the fixed-wing 
aircraft and the helicopter on the basis that a mini- 
mum amount of check-in time will be required for both 
vehicles. Once aboard the aircraft, an allowance must 
be made for warm-up and ground maneuver time, in 
addition to the time lost during climbing operations. 
It was conservatively assumed that the helicopter 
ground time would be one-half that required for the 


conventional aircraft. The cruising time shown is 
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TABLE | 


TIME SCHEDULE 


200-MILE PASSENGER JOURNEY WITH TWO ENROUTE STOPS 


ITEM DC -3 | HELICOPTER 
MINUTES 

City Center to Airport 45 10 
Airport Waiting Time 10 10 
Origin Ground Maneuver and Climb 

Allowance Time 8 4 
First Segment Cruise Time 23 27 
First Enroute Stop 

Ramp Time 4 4 

Ground Maneuver and Climb Allowance 8 4 
Second Segment Cruise Time 23 27 
Second Enroute Stop 

Ramp Time 4 4 

Ground Maneuver and Climb Allowance 8 4 
Third Segment Cruise Time 23 27 
Destination Airport Waiting Time 0 0 
Airport to City Center 45 10 

Total Time (Minutes) 201 131 
(Hours) 3.35 2.18 
Difference (Hours) 


based on a cruising speed of 173 m.p.h. for the DC-3 
and 150 m.p.h. for the helicopter. Since the ground 
maneuver and climb allowance time has been provided 
for in the previous value, the cruise times are merely 
the distance divided by the cruise speed. 

The en route stop time assumes that the ramp time 
will be equal for both types of aircraft, since they have 
the same seating capacity. The destination waiting 
period would ordinarily be that time consumed in ob- 
taining baggage; however, since it is assumed that the 
carry-on provisions are available in both types of 
equipment, this waiting time will be nil. 

It will be noted from the total values for the two 
types of equipment that the DC-3 operation requires 3 
hours and 21 min. compared with 2 hours and 11 min. 
for the helicopter, a reduction of 35 per cent in overall 
trip time. The average block speeds for the DC-35 
and helicopter, including ground time, are 60 and 92 
m.p.h., respectively. 

Table II represents a brief analysis of the economics 
of the two types of operation. In this table the present 
DC-3 is compared with a “new” DC-3—i.e., one having 
an initial cost of approximately $350,000—and a 2s- 
passenger helicopter. 

The direct operating cost for the present DC-3 repre- 
sents the average value realized by the domestic air 
lines for the year 1952. The value for the ‘‘new”’ 
DC-3 represents the present DC-3 value adjusted for 
the higher initial cost. The value for the 28-passenger 
helicopter has been estimated from trend studies on 
current and proposed helicopters and is assumed to 
represent a value obtainable at the 1965 level of develop- 
ment. 

The indirect operating costs are approximately equal 
to those of the major trunkline carriers and are not to be 
confused with the considerably higher values currently 
realized by the local service operators. Since we are 


approximating the conditions of the ‘‘local service 
type’ routes of the trunkline carriers, this assumption 


appears valid. A constant value for indirect operating 


costs for the two types of equipment has been assumed, 
since any reduction in sales, ticketing, or other passen- 
ger amenities expense that can be realized on the heli- 
copter can, for the most part, also be realized by the 
operator of fixed-wing aircraft if desired. 

The air-line fares shown in the first three columns 
represent the basic 6-cent fare level adjusted for family 
plan and round-trip discounts. The 5.7 cents, there- 
fore, indicates the average yield to the carrier and the 
average ticket expense to the passenger. The dollar 
outlay for the 200-mile trip would then be $11.40. 
Adding to this the average city-center to airport limou- 
sine fare of $1.25 each way results in a total expense for 
the trip of $13.90 or represents an overall effective fare 
of 6.95 cents per mile. The second column is identical 
to the first with the exception that the direct operating 
costs have been increased to allow for the higher depre- 
ciation charges resulting from the higher initial cost of 
the aircraft. The dilemma of the local service carriers 
who rely on this type of traffic exclusively is readily 
apparent. In the case shown, the increased direct 
costs are sufficient to turn a profitable operation into a 
losing one. 

Three different fare conditions are evaluated for the 
helicopter. The first represents the same fare level 
as used for the fixed-wing aircraft. Since the $1.25 
limousine fare at the end of the fixed-wing aircraft trip 
has now been reduced to a 50-cent taxicab fare, the 
passenger is actually paying a lower overall fare than he 
would on the conventional aircraft. The resultant 
operating loss is apparent. The second helicopter 
column represents the condition where the total air 
and ground fare remains the same for the two types of 
aircraft; but since the ground fare is less for the heli- 
copter, the air fare can be correspondingly increased. 
It will be noted that a loss will still result. The third 
condition is an indication of the fare that would have 
to be charged if the new 28-passenger helicopter must 
yield the same net operating income as the present 
DC-3 before it will replace the latter aircraft. Under 
these circumstances, the air-line revenue must exceed 
the total operating cost by 0.4 cent per passenger mile. 
This condition results in an air-line ticket fare of $16.40 
or an overall fare of $17.40. 

The $3.50 difference between the total helicopter 
fare and the total DC-3 fare represents a cost of $3.00 
per hour saved. This is equivalent to the hourly salary 
of the person receiving $6,000 annually. Therefore, 
since in most cases a trip of this length would be made 
during a working day, it would behoove a businessman 
making $6,000 or more per year to take advantage of 
this timesaving. While it is not suggested that this 
calculation be used for future rate-making purposes, 
it is believed it adequately reflects what we mean when 
we say a better product can command a better price. 

Obviously, if a larger helicopter can be utilized at the 
same load factor without hampering the frequency of 
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TABLE 


II 


EFFECT OF FARE STRUCTURE ON THE RELATIVE ECONOMIES 
OF THE DC-3 AND A SIMILAR SIZED HELICOPTER 


Present "New' 28-Passenger 
Item DC -3 DC -3 Helicopter 
1960-65 

Costs 
Direct Operating Cost 

(Cents/Passenger-Mile @ 65% 

Load Factor) 2.34 3. 2¢ ~ 4, 8¢ 
Indirect Operating Cost 

(Cents/Passenger-Mile @ 65% 

Load Factor) 3. 0¢ 3. 0¢ 3.0¢ 
Total Operating Cost 

(Cents/Passenger-Mile) 5. 3¢ 6. 2¢ 7. 8¢ 
Revenues 
Airline Fare 

Cents/Passenger-Mile 5. 70¢ 5. 70¢ 5.70¢| 6.45¢] 8.20¢ 

Dollars for 200-Mile Trip $11. 40 $11. 40 $11.40 | $12.90 |$16. 40 
City Center to Airport Fare 

2 X $1.25 $ 2.50 $ 2.50 

2 X $0. 50 $ 1.00 |}$ 1.00 |$ 1.00 
Total Trip Cost $13.90 $13.90 || $12.40 | $13.90 |$17. 40 
Effective Overall Fare 

(Cents/Passenger-Mile) 6. 95¢ 6. 20¢ 8. 70¢ 
Net Income 

(Cents/Passenger-Mile) +0. 40¢ -0.50¢ |] -2.10¢] -1.35¢| 10.,40¢ 
Cost Difference for Trip $-1.50 i$ 3. 50 
Time Saved 
Cost Per Hour Saved - - $ 3.00 
Equivalent Annual Income 

2,000 Hours/Year $6,000 


operation, rates can be reduced below the levels indi- 
cated here. 
lower income groups and air travel on the whole will 


As a result, the service will appeal to even 


penetrate further into the present surface transport 
market. 

This little study, for which I wish to thank William 
Crilly of our company, offers a basis for one economic 
solution of the helicopter transport problem and is 
presented with the hope of stimulating discussion and 
further study leading to a set of ground rules. 

To tus it appears conservative, since, to the best of 
our knowledge, all improvements in travel have gen- 
erated additional traffic, and this factor could well be 
the means by which intercity air travel could become 
self-supporting. 


In this sense, an economic justification of substantial 
magnitude is added to the great sociological and defense 
benefits that may be anticipated by strong and consis- 
tent support of helicopter development and opera- 


tions. 


In conclusion, I should like to offer my respects to 
the small series of multiengined helicopters which are 
either in, or about to be in, the development flight stage. 
These aircraft, given the opportunity, can fire what I 
believe to be the opening gun in helicopter transport 
operations by creating the base on which the essential 
steps of scientific development, public acceptance, and 


profitable operation may be founded. 
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outstanding achievements in the aero- 
nautical field and for the friendly co- 
operation given to the Italian author- 
ities in the difficult task of developing 
a common program of aircraft produc- 
tion in Italy.”’ 

> Colonel C. R. Laubenfels, USAF 
(Ret.) (M) recently retired from the 
U.S. Air Force and is now teaching 
Aeronautical and Mechanical Engi- 
neering at the Los Angeles City Col- 
lege. Colonel Laubenfels was formerly 
with the Wright Air Development 
Center at Wright-Patterson AFB, 
Ohio. 

>» Maitland McLarin (TM), is now 
Group Leader—Engineering, Naval 
Air Navigational Electronics Project, 
NATC, NAS, Patuxent River, Md. 
He was formerly Assistant Product 
Engineer, Bombardment Engineering 
Department, Sperry Gyroscope Com- 
pany, Division of The Sperry Corpora 
tion. 

> R. T. Nalle, Jr. (M), Manager, 
Production, Aviation Gas Turbine 
Division, Westinghouse Electric Cor- 
poration, has been sent by Westing- 
house to the Harvard Business School, 
Harvard University. He will remain 
there for 1'/» years. 

> Dr. G. B. Schubauer (F), formerly 
Chief, Aerodynamics Section, Na- 
tional Bureau of Standards, has been 
appointed Chief of NBS’s New Fluid 
Mechanics Section. This new section is 
covering the work formerly carried out 
in the Aerodynamics and Hydraulics 
sections. The work remains in the 
Mechanics Division. Dr. Schubauer 
was the co-winner of The Sylvanus 
Albert Reed Award for 1947. 

> Juan T. Trippe (AM), President, 
Pan American World Airways, Inc., 
is now serving as Chairman of the 
Aviation Division of the Committee of 
American Industry. A _ division of 
the National Fund for Medical Educa- 
tion, the C.A.I. is spearheading a 
nationwide appeal to raise $10,000,000 
for the country’s 79 medical schools. 


Members on the Move 


The purpose of this section is to provide 
information concerning the latest affilia- 
tions of IAS members. All members are, 
therefore, urged to notify the News Editor 
of changes as soon as they occur. 


Krishin P. Abichandani (TM), De- 
sign Engineer, Air Armament Section, 
Electronics Division, Canadian Westing- 
house. Formerly, Aerodynamics Engi- 
neer, Canadair Limited. 

Alden E. Acker (M), President and a 
Director, Hycon Manufacturing Com- 


pany. Formerly, Vice-President and a 
Director, Hycon Manufacturing Company. 

Ensign F. M. Anderson, USN (TM), 
Assistant Project Officer, U.S. Naval Ord- 
nance Missile Test Facility, White Sands 
Proving Grounds, N.M. Formerly, Stu- 
dent, U.S. Naval Officer Candidate School, 
Newport, R.I. 

Donald P. Armstrong (M), Assistant 
Project Engineer, Northrop Aircraft, Inc. 
Formerly, Assistant Chief Engineer, Gen- 
eral Representative, Western District, 
Bureau of Aeronautics 

G. L. Bergst, Jr. (TM), Associate En- 
gineer, El Segundo Division, Douglas Air 
craft Company, Inc. Formerly, Main- 
tenance Officer, Marine Aircraft Main 
tenance Squadron 33, Ist Marine Air 
Wing, c/o FPO, San Francisco. 

Rear Admiral Calvin M. Bolster, USN 
(Ret.), FIAS, now Coordinator of Devel- 
opment, The General Tire & Rubber 
Company, Akron, Ohio. Formerly, Chief 
of Naval Research, USN. (For details of 
retirement, see page 41, March issue, 
AERONAUTICAL ENGINEERING REVIEW.) 

Allan Chilton (F), Chief Engineer, Avia- 
tion Gas Turbine Division, Westinghouse 
Electric Corporation. Formerly, Direc 
tor, Experimental Operations, Wright 
Aeronautical Division, Curtiss-Wright 
Corporation. 


Dean G. Cumro (M), Research Engi 
neer, Georgia Division, Lockheed Aircraft 
Corporation. Formerly, Structures Test, 
Materials and Processes, B-O-P Assembly 
Division, General Motors Corporation. 


Howard I. Dwyer, Jr. (TM), Junior 
Engineer, Design Group, Guided Missiles 
Section, Bendix Products Division, Bendix 
Aviation Corporation. Formerly, Active 
Duty, USAF, Ist AACS, I&M Sq., Tinker 
AFB, Okla. 

Willis M. Hawkins (M ), Chief Engineer, 
Missiles System Division, Lockheed Air- 
craft Corporation. Formerly, Chief Pre- 
liminary Design Engineer, Lockheed. 

E. H. Higgins (M), Chief Project En- 
gineer, Engineering Department, Cana 
dair Limited. Formerly, Administrative 
Engineer, Canadair 

Second Lieutenant John C. Hilton, 
USAF (TM), 3303 Pilot Training Squad- 
ron, Bartow AFB, Fla Formerly, Aero 
nautical Engineer, Allied Research Associ- 
ates, Inc. 


Earl R. Hinz (M), Aerodynamics En- 
gineer ‘‘A,’’ Ryan Aeronautical Company. 
Formerly, Senior Aerodynamics Engineer, 
Consolidated Vulte« 
tion. 


Bennett H. Horchler (AM), General 
Manager, Applied Hydraulics, Cleveland, 
Ohio. Formerly, Assistant Publisher, 
Skyways, New York 

Martin V. Kiebert, Jr. (M), Chief En- 
gineer, Tuner Division, P. R. Mallory & 
Company, Inc. Formerly, Director, 
Special Products Research Department, 
Bendix Aviation Corporation. 


Aircraft Corpora- 


APRIL 1954 


W. W. White, AFIAS, a Vice-President, 


Director, and General Manager of the 
Aviation Department, Esso Export Corpora- 
tion, has been granted a leave of absence 
and is now serving as Staff Director for 
Petroleum Logistics, Department of Defense. 
He is working directly under C. S. Thomas, 
Assistant Secretary for Defense (Supply and 
Logistics). Mr. White's appointment, which 
is for 1 year, began on February 8, 1954. 


Charles E. Kitsmiller (AM), Quality 
Manager, Metals Processing Division, 
Curtiss-Wright Corporation. Formerly, 
Production Engineering Manager, Ameri- 
can Car & Foundry Company. 

Robert G. Loewy (M), Staff Technical 
Assistant to the Head, AeroMechanics 
Department, Cornell Aeronautical Lab 
oratory, Inc. Formerly, Staff Stress 
Engineer, Piasecki Helicopter Corporation. 

Walter H. Lowe (TM), now Design 
Engineer “B,’’ Georgia Division, Lockheed 
Aircraft Corporation. 

Edward T. Martin (TM), Superintend- 
ent of Training, Flight Safety, Inc 
Formerly, Flight Instructor, Flight Safety, 
Inc. 

Arthur Nutt (F), Vice-President—En 
gineering, Lycoming Division, Avco 
Manufacturing Corporation. Formerly, 
Director of Engineering and Contracts, 
Bridgeport-Lycoming Division, Avco 
Manufacturing. 

Donald E. Power (TM), Undergraduat« 
Student in Aeronautical Engineering, 
University of Michigan. Formerly, Jun 
ior Designer, Goodyear Aircraft Corpora 
tion 

Hiroshi Sato (TM), Institute of Scienc« 
and Technology, University of Tokyo, 
Japan. Formerly, Research Assistant, 
Polytechnic Institute of Brooklyn. 

Everett B. Schaefer (AF), Assistant 
Chief Engineer, Canadair Limited. For 
merly, Chief Technical Engineer, Cana 
dair. 

L. Grant Snyder (M), now Director of 
Customer Relations, Electronic Products 
Corporation 

Lucien A. Schmit, Jr. (TM), with Aero 
Elastic Laboratory, Massachusetts In 
stitute of Technology. Formerly, with 
Chance Vought Aircraft, Inc. 

Payson S. Tseu (M), Preliminary De 
sign Aerodynamicist, Pastushin Aviation 
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Waldes Truarc Ring Saves ‘2.84 Per Unit, 
Cuts Labor-Time and Materials in Hydraulic Packing Unit 


OLD STYLE stuffing box required skilled worker to install packing 
rings one at a time, then adjust packing glands by trial and error. 
Disassembly was equally difficult, time-consuming and costly. 


NEW Monopak Cartridge is smaller, lighter, streamlined and in- 
stalled with one Truarc Retaining Ring. Disassembly and reas- 
sembly with new cartridge takes unskilled worker just 1 minute. 


Hydraulic Accessories Company of 
Van Dyke, Michigan, uses a single 
Waldes Truarc Inverted Ring (in- 
ternal series 5008) to hold Mono- 
pak Cartridge in cylinder head. 

Newdesign eliminates costly ma- 
chining and saves 2% lbs. of mate- 
rial. Re-design with Waldes Truarc 
Retaining Ring reduces stuffing 


MACHINE TIME SAVED: 

Chucking, facing and boring 
Drilling and tapping 3 holes © 
Drilling and counterboring 3 holes 
Assembling, adjusting, testing . 
MATERIAL SAVED: 

1% Ibs. cast iron 


box diameter from 312” to 27%", % Ib. bronze 
and reduces length from 57%” to —— 


44%,”". Allows savings in assembly, 
adjusting and testing. 


NEW DESIGN USING WALDES TRUARC RING are precision-engineered . . 
PERMITTED THESE SAVINGS PER UNIT 


TOTAL 


Waldes Truarc Retaining Rings 


. quick 
and easy to assemble and dis- 
assemble. Always circular to give 

+ 72 | a never-failing grip. They can be 
. : used over and over again. There’s 
90 a Waldes Truarc Ring to answer 

every fastening problem. 
.30 Find out what Waldes Truarc 
23 Retaining Rings can do for you. 
= Send your blueprints to Waldes 


Truarc engineers for individual at- 
| tention, without obligation. 


For precision internal grooving and undercutting . . 


SEND FOR NEW CATALOG + 


WALDES 


| 

l 

| 


REG. U.S. PAT. OFF. 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 

WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING 

U.S, PATENTS: 2,362,947; 2.362.948: 2.416.852: 2.420.921: 2.426.341; 2.439.785; 2.441.046; 2.455.165 
2,483,380, 2.483.383; 2.487.802; 2,487,603, 2.491.306, 2.509.081 AND OTHER PATENTS PENDING 


. Waldes Truarc Grooving Tool. A.S.T.£. Show, April 26-39. 


See the Waldes Truarc exhibit at the 
Booth No 
424, Precision Hall. 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 
Please send me the new Waldes Truarc Retaining Bee 


catalog. 
(Please print) 
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Corporation. Formerly, Aerodynamics 
Engineer, Lockheed Aircraft Corporation. 


Richard R. Tumlinson (TM), Design 
Aerodynamicist, Chance Vought Aircraft, 
Inc. Formerly, First Lieutenant, USAF. 


Don L. Walter (AF), Vice-President, 
Marquardt Aircraft Company.  For- 
merly, Director of Engineering and Manu- 
facturing, Marquardt. 


Herbert K. Weiss (AF), Chief, Weapon 
Systems Analysis Department, Northrop 
Aircraft, Inc. Formerly, Chief, Weapon 
Systems Laboratory, Ballistic Research 
Laboratories, Aberdeen Proving Ground, 
Md. 

Maurice I. Young (TM), Senior Vibra- 
tions Engineer, Piasecki Helicopter Cor- 
poration. Formerly, Dynamics Engineer, 
Bell Aircraft Corporation 


Corporate Member News 


Air Associates, Incorporated . . . Charles 
A. Sereno, formerly Chief Engineer, was 
elected Vice-President and General Sales 
Manager of the Electronic and Mechanical 
Products divisions. 


e Beech Aircraft Corporation. . .Three new 
Beechcraft executive airplanes for 1954 
were introduced at the corporation’s annual 
U.S. distributors’ meeting held at the 
Beech plant in Wichita, Kan., on January 
28 and 29. These aircraft are: the four- 
place Model E85 Beechcraft Bonanza, 
powered by either a Continental E-185-11 
or a Continental E-225-8 engine; the six- 
place Model B-50 Twin-Bonanza, powered 
by two 260-hp. Lycoming GO-435-C2 
engines; and the new nine-place Super 18 
Beechcraft, which is based on the Beech- 
craft Model 18 executive transport. The 
prototype of the Super 18 made its first 
flight on December 10, 1953; first deliver- 
ies are expected early this summer. The 
Super 18 has a cruising speed of 215 m.p.h. 
and a range of 1,455 miles. It will be 
powered by two Pratt & Whitney R-985 
AN-14B engines, which produce 450 hp. 
at 2,300 r.p.m.’s at take-off power. (Pic- 
ture of the Super 18 will be found on this 
page.) 


© Boeing Airplane Company. . .The 500th 
C-97 Stratofreighter was delivered early in 
February to the U.S. Air Force. At the 
time of this delivery, it was announced 
that these multipurpose USAF tanker- 
transports have been produced at the rate 
of one airplane per working day since 
August, 1953. . .Boeing is currently modi- 
fying two Stratofreighters for installation 


of new Pratt & Whitney T-34 turboprop 
engines. The first of these newly modi- 
fied aircraft will fly late this year. 

e@ Consolidated Vultee Aircraft Corpora- 
tion. . .On February 3, Convair announced 
that the B-36] is now in production at the 
Fort Worth Division and that deliveries 
to the Air Force have been begun. This 
new model of the B-36 differs from earlier 
models in that its maximum gross weight 
has been increased to more than 400,000 
Ibs. Gross weight of the previous produc- 
tion model was listed by Convair and the 
Air Force as 358,000 lbs 

@ Cornell Aeronautical Laboratory, Inc. ... 
A Cornell Aeronautical Laboratory Pro- 
fessorship was recently created at Cornell 
University, with Dr. Mark Kac, of the 
university's mathematics staff, as the first 
incumbent. This chair, it was said, may 
be rotated among members of the Cornell 
University faculty. The incumbent will 
spend about a month of the year at the 
Laboratory and the remainder of the time 
in teaching and research on the Cornell 
University campus 

@ Douglas Aircraft Company, Inc. . . The 
U.S. Air Force announced on February 3 
that its first four-engined turboprop trans- 
port, the 200-passenger Douglas YC-124B, 
has successfully completed its maiden 
flight. This prototype is expected to pro- 
vide the Air Force with important techni- 
cal data on the operation of turboprop 
aircraft. This ship is powered by Pratt & 
Whitney YT34-P-1 engines, which develop 
the equivalent of 5,500 hp. each at take 
off. The physical dimensions of the air- 


Beech Aircraft Corporation recently introduced the new Super 18 Beechcraft, shown in the 


photograph below. 
this page. 


Further details of the Super 18 may be found in the Beech item on 


plane are basically the same as its prede- 
cessor, the C-124 Globemaster. Design 
gross weight is 200,000 lIbs., and design 
pay load is 64,000 Ibs. 

Eaton Manufacturing Company. .A |4- 
page article entitled ‘“‘A Question and 
Answer Discussion of Valve Gear Prob- 
lems”’ is contained in the December issue 
of the Eaton Engineering Forum, issued by 
Eaton. Authored by Vincent Ayres, 
Assistant Chief Engineer of Eaton's Valve 
and Saginaw divisions, the article covers 
such topics as operating conditions, 
valves—material and design, seat inserts 
and tappets, and hydraulic lifters. The 
subjects are presented in a question-and 
answer format. Many photographs are 
included to supplement the text. Copies 
of this issue of the Engineering Forum 
may be obtained gratis from Eaton's of 
fices at 739 E. 140th St., Cleveland, Ohio 
All of the common stock of Spring Perch 
Company, Lackawanna, N.Y., has been 
acquired by Eaton. This company, pro- 
ducer of chassis springs, will be operated as 
a subsidiary of Eaton. . .The election of 
new officers was recently announced 
These were F. H. Mott, now Administra- 
tive Vice-President in charge of all Eaton 
plant operations in Michigan, and R. E 
Fisher, now Vice-President in charge of 
sales for the corporation. R.H. Daisley, 
who was Vice-President—Manufacturing, 
is now Administrative Vice-President in 
charge of all Eaton plants in Ohio, Keno 
sha, Wis., and London, Ontario. 


e The Firestone Tire & Rubber Company 
...At the recently held annual meeting of 
the Board of Directors, Raymond C. Fire- 
stone and J. E. Trainer were elected to the 
newly created positions of Executive Vice- 
Presidents. Mr. Firestone was formerly 
Vice-President in Charge of Research and 
Development; Mr. Trainer was Vice- 
President in Charge of Production. Both 
men were elected Directors of the com- 
pany in 1942. 


© General Electric Company. . .A contract 
has been let to General Electric's Air- 
craft Products Department to design a 
new armament system for the Boeing B-47 
and Douglas B-66 bombers. This con- 
tract provides for increasing the potential 
of the present system by developing proto- 
types that incorporate the latest ideas and 
techniques. This particular contract does 
not include production work. . .A new 
bulletin, designated GET-2416, has been 
put out by G-E’s Aeronaurical and Ord 
nance Systems Division. This two-color 
booklet contains a technical description of 
the company’s FC5 Flight Control System 
It is available from the G-E Apparatus 
Sales Division in Schenectady, N.Y. 

e Jack & Heintz, Inc... .Bulletin No. 6014, 
in which is described the company’s Roto 
motive Equipment for aircraft, is available 
on request from the Cleveland office. In 
this new publication are ‘‘comprehensive 
tabulations” that give design, perform 
ance, and application data on turbojet 
engine starters, reciprocating engine start 

ers, a.c. and d.c. generators, motors, 
actuators, and completely integrated elec 

trical control systems. 


© Lockheed Aircraft Corporation. . .Jt was 
announced on February 4 that Lockheed 
has been awarded contracts to produce its 
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Stiletto-shaped twin jet 


Skystreak—world speed 
record 1948, 650 mph 


joins Douglas family of 


US AR FORCE 


1954 83 


Skyrocket—set world 
records in ’53 of 1327 mph, 
83,235 feet altitude 


high-speed research aircraft 


—the supersonic Douglas xd 


Now to the record-breaking Sky- 
streak, the Douglas Skyrocket and 
the record-holding carrier-based Sky- 
ray, add this important experimental 
plane—the Douglas X-3. 
Performance is secret, but a little 
can be told. Longer, heavier than a 


DC-3 transport, X-3 flies on wings 
smaller than a DC-3’s tail—using 
conventional jet engines for sustained 
flight. X-3 has already contributed 
basic facts on insulation, refrigeration, 
and the use of heat-resistant titanium, 
while its payload of research instru- 


Enlist to fly with the U.S. Air Force 


Depend on DOUGLAS a 4 First in Aviation 


ments has been used to study the 
stresses and strains of flight at super- 
sonic speeds. 

Design of X-3 is another example 
of Douglas leadership in aviation. 
Faster and farther with a bigger pay- 
load is a basic Douglas rule. 
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REVIEW 


This is the first photograph to be released showing Boeing Airplane Company's new four-jet 
transport-tanker prototype. This 190,000-Ib. ship, America’s first jet transport, is now nearing 


completion at the company's Renton, Wash., plant. 
demonstrator for both the military services and commercial air lines. 
it will be suitable for high-speed high-altitude tanker-transport duties. 


Ultimately, this ship will be used as a 
As a military airplane, 
As a commercial air 


liner, it will be capable of making regular nonstop transcontinental flights in less than 5 hours 


and scheduled nonstop New York-to-London flights in less than 7 hours. 


Depending upon 


the range and pay-load requirements of various operators, this new Boeing will carry between 
80 and 150 passengers. An exact scale model of this prototype is pictured on this month's 
cover, with the accompanying caption on page 3. 


new antisubmarine warfare airplane, the 
Neptune P2\-7. This plane, which is 
now in full production at Burbank, Calif., 
has among its identifying features a 
double-bubble pilot canopy for increased 
visibility, jet pod engines supplementing 
its turbocompound power plants, and an 
elongated tail housing electronic sub- 
hunting equipment. This 36-ton aircraft 
can be converted for patrol, mine-laying, 
or torpedo-bomber duty. It can be flown 
by one man alone on either its turbocom- 
pound engines or its jet engines, or on both 
types combined. 


@ Marquardt Aircraft Company. . .Two 
Vice-Presidents of the company were re- 
cently elected: William H. Schwebel and 
Don L. Walter, AFIAS. In addition to 
now being a Vice-President of the com- 
pany, Mr. Schwebel is also Secretary- 
Treasurer of Marquardt. Mr. Walter was 
formerly Director of Engineering and 
Manufacturing. 


e The Glenn L. Martin Company. . .A 38- 
page brochure that presents background 
data on the systems engineering phi- 
losophy and details its more important ap- 
plications at Martin has been prepared for 
those persons closely identified with air- 
craft building. Copies are available, on 
request, to interested industry executives 
and engineers. 


@ McDonnell Aircraft Corporation. . .Ac- 
cording to a February 8 announcement by 
the USAF Air Research and Development 
Command, the X\V-1 convertiplane, the 
first military aircraft of this type ever 
developed in the United States, was rolled 
out of the McDonnell hangar at St. Louis. 
The convertiplane, a joint development of 
ARDC, USA Transportation Corps, and 


McDonnell, is designed to carry three 
passengers or two litter patients and a 
medical attendant in addition to the pilot. 
The craft is approximately 30 ft. long and 
10 ft. high; it spans 26 ft. in width 
Each of the three blades of the rotor is 
powered by a McDonnell-developed pres- 
sure jet unit located at the tip of the blade. 
A reciprocating engine, manufactured by 
Continental Motors Corporation, is pro- 
vided on the aft fuselage to supply air to 
the pressure jet units during vertical flight 
and power to the propeller during forward 


flight. The primary function of this 
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craft is the exploration of the application 
of the convertiplane principle to larger 
aircraft. Studies are also to be made on 
the tactical military use of the converti- 
plane for reconnaissance and other related 
missions. The first actual flight is not ex- 
pected to take place until next summer, 
e Minneapolis - Honeywell Regulator 
Company. . .A new electronic instrument 
incorporating three complete measuring 
and balancing circuits automatically meas- 
ures two variable conditions and simul- 
taneously plots their relationship to a 
third. Developed and designed by the 
Industrial Division essentially as a re- 
search tool, the new instrument, known as 
an Electronik Duplex Function Plotter, is 
said by the company to be especially use- 
ful in a wide range of industrial research 
activities from missile and engine testing 
to stress and nuclear engineering analysis. 
It is reported that in aerodynamic re- 
search, for example, the instrument could 
plot vibration amplitude and discharge 
pressure versus speed, or dynamic pres- 
sure and yaw angle versus immersion 
depth. . .A control system to permit air- 
craft to land automatically on aircraft car- 
riers is being developed by the company in 
cooperation with the Bureau of Ships. 
Components for the system have already 
been built and installed in an airplane. 
The system is now being flight: tested 

A new midget chopper has been developed 
by the Aeronautical Division. This chop- 
per is 75 per cent lighter and 70 per cent 
smaller than previous models. It weighs 
2 oz. and measures 2'/\, in. high by '°/j¢ in. 
square. . .A booklet recently published by 
the company describes the full line of gyros 
built by the Aeronautical Division. It il- 
lustrates, describes, and gives complete 
specifications, variations, and _ potenti- 
ometer data on all rate (damped and un- 
damped) vertical, cageable vertical, and 
floated gyros currently being manufac- 
tured. . .A new booklet entitled Light- 
weight Fuel Gage Systems has been put out 
by the Aeronautical Division. 

e Northrop Aircraft, Inc. .. .A contract for 
extensive boundary-layer-control research 


The first antisubmarine warfare helicopter, the HSL-1, has been delivered to the U.S. Navy 


by Bell Aircraft Corporation, according to a recent announcement. 
was flown from Hicks Field, Fort Worth, Tex. (where this picture was taken 


This tandem-rotor ship 
to Eglin AFB, 


) 
Fla., to undergo extensive tests at the Climatic Test Hangar located at Eglin. Bell Aircraft was 
awarded the antisubmarine helicopter development contract in June, 1950. 


84 
* 
& 
~ 
Pal 
| 
Duti-f 
LIFETIME 
Re: wt ee NAVY 


Jily the finest in gears 
Or the worlds mightiest engine 


“The most powerful engine known to be in produc- 
tion,”’ says Pratt & Whitney Aircraft of the new J-57. 
Officially rated in the 10,000-lb. thrust class, this 
mighty jet powers fighters and bombers for the Air 
Force and the Navy. 

Precision plays an important part in the successful 
operation of this new engine, and Foote Bros. are 
manufacturing many of the precision gears that are 
so important in the transmission of such super power. 

If you have any problem requiring the engineering 
or production of precision gearing or mechanical units 
for aircraft or aircraft engine application, the wide 
experience, engineering skill and complete production 
facilities of three large plants are available to you at 
Foote Bros. Write for information. 
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A new two-place jet trainer was recently announced by Lockheed Aircraft Corporation. 
According to Lockheed engineers, this 600-m.p.h. aircraft features, among cther things, a 
parabrake ‘chute to slow the plane on landing, a raised rear seat to give the instructor better 
visibility and a closer watch on his student, speed and climb equal to many combat jets, and 
special wing devices to permit stalls in complete safety. Besides basic flight indoctrination, 
the trainer can be used for instruction in advanced navigation, gunnery, rocketry, dive bombing, 
and all-weather flight. The prototype is powered by a J33-A-16A turbojet engine, provided 
by Allison Division, General Motors Corporation. Approximate dimensions of the new 
plane are: length, 38 ft.; height, 13 ft.; and span (including 230-gal. tip tanks), 42 ft. 


has been awarded to Northrop by the U.S. 
Air Force. Company engineers are in- 
vestigating methods of improving the 
aerodynamic characteristics of airplane 
wings by experimenting with various 
devices designed to draw off part of 
the boundary layer. Personnel at North- 
rop have been conducting boundary-layer 
experiments for several years. . .A Weap- 
ons Systems Analysis Department was 
recently established at Northrop ‘‘to pro- 
vide additional data to Engineering 
Management to assist in the new weapon 
systems development concept.” Herbert 
K. Weiss, AFIAS, and Ward B. Dennis, 
MIAS, are Chief and Assistant Chief, re- 
spectively, of the new department. . .The 
buildings at Northrop’s new production 
flight-testing facility at the USAF Jet 
Test Center, Palmdale, Calif., were com- 
pleted early in February. Northrop’s 
250,000 sq.ft. facility will go into full 
operation upon the completion of the run- 
ways and other joint flight facilities, which 
will be about mid-1954. Northrop’s por- 
tion of the USAF Jet Test Center encom- 
passes 227 acres. . .An exclusive license has 
been awarded by Northrop to Standard 
Safety Equipment Company, of Chicago, 
for the manufacture and marketing of a 
Northrop-developed explosion suppression 
device for inerting empty fuel cells. This 
Chicago firm plans to manufacture the 
explosion suppression device under the 
trade name, ‘“Inertor’’. . .An exclusive 
license to manufacture and market a 
Northrop-developed cable slack compensa- 
tor has been awarded by Northrop to E. H. 
Stau Company, of Los Angeles. This 
cable slack compensator was designed by 
Northrop’s electromechanical design group 
as a method of eliminating slack in air- 
craft control system cables. It is cur- 


rently being used on the aileron and eleva- 
tor control systems of the F-89 Scorpion. 
@ The Parker Appliance Company. . .W. 
H. Salisbury & Company, of 401 N. Mor- 
gan St., Chicago, IIl., is now a distributor 
of the Parker-manufactured synthetic 
rubber O-rings. Salisbury carries a stock 
of all popular sizes of standard service O- 
rings. 

e Piasecki Helicopter Corporation. . .It was 
reported by the company that the YH-16 
Transporter has reached a speed in excess 
of 100 m.p.h. (90 knots) in early forward 
flight tests. During these flight tests, the 
Transporter was carrying 1'/». tons of in- 
struments and _ recording equipment. 
Take-off gross weight of this helicopter is 
more than 15 tons The company’s 
wholly owned subsidiary, Piasecki Heli- 
copter Company of Canada, Ltd., has 
opened a maintenance base at the former 
RCAF airdrome in Arnprior, Canada, 43 
miles west of Ottawa. RCAF H-21 Work 
Horse helicopters are to be overhauled, 
modified, and repaired at this facility. 
In addition, this Canadian facility is to 
manufacture simple types of replacement 
parts and overhaul tools, as well as jigs and 
fixtures. The RCAF was scheduled to 
take delivery on the first of its Piasecki 
H-21 Work Horses last month; these heli- 
copters were purchased through the USAF. 
J. C. Charleson is the Manager of the 
Arnprior operation The company is 
taking steps to reactivate its program to 
have the YH-21 Work Horse certificated 
for commercial sales. The company re- 
ports substantial interest in the Work 
Horse configuration from both air-line 
and industrial companies 


e Pratt & Whitney Aircraft Division, 
United Aircraft Corporation. . .With the 


conclusion of a Facilities Loan Agreement 
between Pacific Airmotive Corporation 
and United Aircraft and the subsequent 
installation of Government-owned test 
equipment at PAC’s Burbank, Callif., 
plant, Pratt & Whitney jet engines can 
now be overhauled on the West Coast. 
This precludes the necessity of West Coast 
aircraft manufacturers sending Pratt & 
Whitney jet engines back to East Hart- 
ford, Conn., for overhaul. Pratt & 
Whitney had previously furnished PAC 
with the equipment necessary to disas- 
semble and reassemble fuel control sys- 
tems for the J-48 and J-57 engines. 

Republic Aviation Corporation. . .Im- 
portant contractual agreements to imple- 
ment the repair and overhaul of Republic 
F-84 Thunderjet fighter-bombers flown by 
the Royal Netherlands Air Force have 
been signed by Republic Aviation Inter- 
national, S.A., and the Dutch firm, In- 
dustriemaatschappij Avio-Diepen N.V. 
H.C. Pillman was recently elected Assist- 
ant Secretary-Treasurer of the corpora- 
tion. Succeeding Mr. Pillman in_ his 
former post of Controller is Paul F. Mason 
e Vickers, Inc. . . .A new 19-page illus- 
trated booklet entitled Servo Pump Units 
and Their Application in Hydraulic 
Transmissions has been put out by Vickers 
This brochure, Descriptive Summary SE- 
15, is available to qualified technicians 
who write to the Vickers’ office in Detroit 
e Weston Electrical Instrument Corpora- 
tion. . .Two appointments recently an- 
nounced by the company are Frank X. 
Lamb as Vice-President and Roswell W 
Gilbert, MIAS, as Assistant to the Presi- 
dent. Mr. Lamb retains his former title 
of Chief Engineer and assumes the addi- 
tional responsibilities in supervision of 
mechanical and electrical engineering 
activities. Mr. Gilbert, in addition to his 
new post, continues to serve as Director of 
Research. 


IAS Sections 


Baltimore Section 
Richard W. Sanford, Secretary 


The forty-seventh meeting of the 
Baltimore Section of the Institute of 
the Aeronautical Sciences was held in 
Maryland Hall at The Johns Hopkins 
University, on January 7 at 8:30 p.m. 
There were approximately 100 members 
and guests present. 

The speaker was H. H. Porter, Assist- 
ant Director of the Applied Physics 
Laboratory of The Johns Hopkins 
University. He spoke on the subject of 
“Guided Missiles and Air Defense.” 

Mr. Porter opened his talk with a re 
view and evaluation of the two classes of 
weapons that can be used in air de 
fense, which he defined as prediction and 
nonprediction weapons. The predic 
tion weapons consist of antiaircraft 
guns and rockets. These are fast losing 
their usefulness as the speed of planes 
increases, the range of weapon release 
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MILLIONS OF HOURS AHEAD! 


Twice the cooling capacity, less than half the weight! 


Back in 1941 AiResearch engineers 
anticipated that high speed airplanes 
would require extensive cooling. They 
were first to experiment in this field, 
and America’s first operational jets, 
the Lockheed F-80’s, used AiResearch 
refrigeration units exclusively. 

In the intervening years leadership 
in this field has been maintained by 
over 900,000 research and develop- 


ment hours, and by unparalleled 
experience — 42,795 units produced 
and 15,000,000 operating hours. 

Today, one of the new units for jet 
fighters weighs only 5.8 lbs. as against 
16.5 lbs. for the original model; it 
provides .67 tons of refrigeration 
against .35 tons. An improvement of 
more than 400%. 

This is another example of how 


AiResearch improves already efficient 
products. Its engineers constantly 
achieve higher performance from 
smaller units of less weight. 


Qualified engineers and skilled 
machinists are needed now at AiRe- 
search Manufacturing Company, Los 
Angeles 45, California, or Phoenix, 


Arizona. 


AiResearch Manutacturing Company 


A DIVISION OF THE GARRETT CORPORATION 


LOS ANGELES 45, CALIFORNIA + 
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New heart 
for 
servo systems 


Airborne's saturable reactor 


This toroid, produced in our 
plant as part of a magnetic 
amplifier, was developed by 
our Control Engineering 
group. It is typical of the 
custom design work they do. 

Designed for a flight con- 
trol system utilizing artificial 
“feel,” our magnetic ampli- 
fier depends neither on fragile 
vacuum tubes nor delicate 
relays. It is simple, and when 
fixed ina thermosetting com- 
pound, impervious to shock. 
Also important, it is Airborne 
engineered for Airborne-actu- 
ated control systems. 

If you have a problem in 
the control system category, 
call on us. For information on 
Airborne Actuators, see our 
literature in the LA.S. Aero- 
nautical Engineering Catalog. 


Accessories Corporation 


HILLSIDE 5, NEW JERSEY 


lengthens, and the vulnerabilities of the 
targets decrease. The nonprediction 
weapons are the interceptors and guided 
missiles. Since these are controlled all 
the way, no prelaunch prediction is 
needed, and the inaccuracies of predic- 
tion systems are avoided 

Mr. Porter then pointed out that, in 
principle, the only difference between an 
interceptor and a guided missile is the 
utilization of a pilot. The requirement 
for a pilot imposes cost problems of 
training, housing, etc. Furthermore, 
as speeds increase, the pilot’s slow re- 
sponse is a considerable handicap. If 
the enemy attacks when visibility is 
limited, the pilot must receive his infor- 
mation through the same channels used 
by a guided missile, such as radar or 
ground command. The presence of 
the pilot dictates a minimum plane 
size, requires cooling for high-speed 
flight, and limits the accelerations that 
can be made. Considerations of pilot 
safety also increase the cost of the 
planes and control systems. The pres- 
ence of the pilot makes an additional 
weapons system necessary so that he can 
destroy the target from a distance suffi 
cient to reduce the effects of the bomb 
er’s defense. 

The biggest advantage of the piloted 
interceptor is that it already exists as a 
proved weapon in service. Mr. Porter 
pointed out that this advantage must 
not be taken lightly and that the existing 
weapons system cannot 
“paper”? weapons. 


be replaced by 
On the other hand, 
if the existing weapons system cannot 
meet the requirements for adequate air 
defense without enormous improvement, 
these weapons systems and their im 
provements are also basically ‘“‘paper”’ 
weapons, 

The primary requirements of a guided 
missile are accuracy, lethality, and 
Other requirements are reli 
ability and economy for the results pro- 
duced. Fortunately, great strides have 
been made in the necessary technical 
fields, and it is possible to foresee and 
develop the techniques f¢ 


range. 


wr effective mis 


siles. 

Mr. Porter then went on to consider 
the ground-based system required by 
each weapon. Guided missiles need 


tracking radar and computers, storage 
and maintenance facilities, handling 
equipment, and launchers. Each in 
stallation must have trained crews and 
all the logistic requirements to support 


them. Interceptors require airfields, 
including hangars and maintenance 
facilities, trained crews, and _ logistic 
support. They need GCI centers to 


guide the planes to their targets and to 
direct them to landing fields. 

In addition, there must be early warn- 
ing, analysis of the attack, command 
decision, and the orders to the weapons 


installations. In order to realize the 
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FACT CONTROL 


The New LAND-AIR Data Processing 
Service offers the latest type “think” 
machines and highly skilled person- 
nel to operate them. 

These machines cost thousands of 
dollars and personnel who know them 
are difficult to find. 

NOW, you can have both, the equip- 
ment and operators at a cost deter- 
mined solely by the volume of work 
involved. 

These “Electronic Minds” can help 
you with... Inventories...Surveys... 
Payrolls...Stock Lists... Invoicing... 
Production Control...Scheduling... 
Accounting...Sales Facts...Cataloguing 
...-and other vital statistics that must 
be available to management on a mo- 
ment’s notice. 

FINGER-TIP FACT CONTROL, in 
the quickest time possible, puts today’s 
business problems into capsule-size, 
digest reports—daily, weekly, monthly, 
yearly... It provides 
management with 
constant control 
facts! 

Read more about 
it...Write for this 
booklet and its com- 
plete details about 
our DATA PROC- 
ESSING SERVICE. 


* 
* 
* 


LAN D-AIR, inc. 


General Offices: 201 North Wells St., Chicago 6, |!!! 
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BOUND: Controlled All the Way by= 


/STRATOPOWER 


HYDRAULIC PUMPS 


j 


The 66W Series of STRATYOPOWER Hydraulic 
Pumps embrace a range of models from 2 
to 10 gpm at 1500 rpm with continuous pres- 
sures to 3000 psi. Designed for maximum 
continuous speed of 3750 rpm... intermittent 


speeds to 4500 rpm. ; 


To the layman, the pinpointing 
of a destination for a guided mis- 
sile is still pure magic. But to the 
engineer, the control and guid- 
ance of rockets and guided mis- 
siles in flight simply means 
another application for 
STRATOPOWER quality and 
advanced design. 


The unerring performance of 
STRATOPOWER Pumps has 
been demonstrated times with- 
out number down through the 
years. At sea level and at 
heights still to be achieved these 
perfect examples of precision 
engineering provide the fluid 


While Get the full story on STRATOPOWER 


constant and variable delivery Pumps 
for your hydraulic circuits. 


WATERTOWN 


THE NEW YORK AIR BRAKE COMPANY 


STARBUCK AVENUE 


WATERTOWN © N. 


power that positively answers 
the question of weight vs. horse- 
power as well as the equally 
important requirement of long- 
lived dependability. 


In the designing of any high 
pressure hydraulic circuit there 
are definite advantages in 
STRATOPOWER Pumps. 
Whether yours is a problem for 
constant or variable delivery, 
high or low temperature opera- 
tion, capacities from .25 to 30 
gpm, STRATOPOWER will pro- 
vide the pump to 3000 psi that 
will resolve that problem NOW! 


WATERTOWN DIVISION 
THE NEW YORK AIR BRAKE COMPANY 
760 Starbuck Avenue *« Watertown, N. Y. 


Kindly send me information on STRATOPOWER 
Hydraulic Pumps 


C Constant delivery [ Variable delivery 
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Company. 
Address 


City Zone__State 
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scope of the defense that would be re- 
quired against a future air attack, Mr. 
Porter presented a simplified version of 
a hypothetical attack against Washing- 
ton, D.C., by 600-m.p.h. bombers and a 
possible defense by guided missiles of 
twice this velocity with a range of 50 
miles and by high-performance inter- 
ceptors. In a reasonably successful 
defense, the enemy attack would have to 
be detected over Boston; the inter- 
ceptor’s base would have to be alerted 
when the enemy reached Hartford, 
Conn., with first contact by the inter- 
ceptors with the enemy over Newark, 
N.J. The guided-missile site would be 
alerted as the attackers reached Tren- 
ton, N.J., and the first missiles would be 
launched as the enemy approached 
Wilmington, Del. The first enemy 
planes that could be shot down by the 
guided missiles would be near Elkton, 
Md. 


Although this scope of action appears 
large, the problem is much more complex 
than was illustrated. An attack may 
consist of many planes, and to counter, 
it would require hundreds of intercep- 
tors and guided missiles in the air. 
The problem of keeping track of all 
enemy planes and coordinating our 
weapons into an effective defense is 
staggering, particularly when it must be 
realized that the enemy will try to satu- 
rate and confuse the defenses by concen- 
trating several attacks, by feinting at 
targets and then attacking others, or by 
splitting up to attack several targets 
simultaneously in an attempt to draw 
the defenses out of position or to force 
them to reduce their resources before 
the main attack arrives. 

The picture of defense envisaged 
three stages: first is the distant early 
warning—this should give about 5 
hours notice to alert the defense prop- 
erly; the second is the perimeter early 
warning radar, whose function is to de- 
lineate the attacks so that the alerted 
and proper defense weapons can go into 
action; and third, beyond these must be 
a coverage of radar and weapons in- 
stallations, thickly spread to protect our 
valuable targets and thinly spread over 
less important areas. It is 
that the initial cost and upkeep of such a 
complete defense system is enormous. 


obvious 


Mr. Porter pointed out that the scale 
of defense required is not really clear. 
Wars are won by the use of offensive 
power to destroy the enemy’s forces. 
Therefore, against an enemy of equal 
power, the basic principle must be to 
provide the greatest offensive power we 
can. We must select our scale of de- 
fense so that it is not so large as to divert 
too much from our primary effort—i.e., 
the attack—nor so little that the enemy 
can seriously impair that effort. 

Mr. Porter then briefly analyzed the 
relative situations of our only dangerous 


potential enemy and ourselves. He 
pointed out that, technologically, Russia 
is far behind the United States. More- 
over, the Russian population is tired and 
not basically loyal to the government in 
power. Control has been maintained 
only by a police state organization in 
which millions of people have been sent 
to slave labor or concentration camps. 
Russia has milked her satellite states 
since seizing control. The uprisings in 
Poland, Czechoslovakia, and East Ger- 
many show their hostility. Beyond 
these doubtful allies of Russia exists a 
world made hostile by Russia’s avowed 
aim of world communist domination. 
These countries are industrially far more 
advanced than Russia. They support 
military bases within striking distance of 
Russia’s important areas. Beyond 
these countries and practically out of 
reach is the United States, whose in- 
dustrial potential has out-supplied the 
rest of the world in two major wars. 

On the other hand, consider the posi- 
tion of the United States. We have far 
greater production capabilities and 
enormous output per man-hour of ef- 
fort. We have a loyal population. 
We have allies all over the world. We 
have advance bases around our potential 
enemy. 

For years we have been looking at 
Russia’s possible strength. Mr. Porter 
did not believe we have fully assessed 
Russia’s weakness. He demonstrated 
that a realistic estimate of the enemy 
capabilities and intentions, as well as our 
situation and needs, is a prime requisite 
in determining the defense strength we 
should provide. He concluded that, on 
the basis of information available to him, 
an adequate defense is attainable. 

At the conclusion of his talk, which 
was well illustrated with slides and ex- 
amples, Mr. Porter showed a film of 
several test vehicles in flight. These in 
cluded a modern motion-picture se 
quence of the earth as obtained from a 
V-2 rocket. After a question-and-an 
swer period, the meeting was adjourned. 


Chicago Section 
Leland W. Sims, Secretary 


On January 20, the Chicago Section 
was a guest of the Ford Motor Com 
pany’s Aircraft Engine Division for din 
ner and a tour of the plant. At 6:30 
p-m., dinner was served in the executive 
dining room to 89 members and guests 
who unanimously described it as a 
“wonderful meal.’ After dinner and 
prior to the tour, which started at 7:45 
p-m., Chairman Alfred F. Stott opened 
a short meeting, at which time he ex- 
pressed thanks to the Ford Motor Com 
pany and to A. C. Moore, General 
Manager, and Ralph N. DuBois, Chief 
Product Engineer, for making the tour 


possible. Mr. Stott then introduced B. 
D. Mills, Assistant Manager, who heart 
ily welcomed all to the plant and de- 
scribed the manner in which the tour 


was to be conducted. 


The group was then divided into two 
sections. One section took the tour, 
which lasted 55 min., while the other 
section was given a lecture and shown 
two films. This was repeated when the 
sections changed places. 

The tour was conducted by four mem 
bers of the Training Department: E. 
H. Attwood, W. D. Howard, J. Collins, 
and J. F. Picraux. Four novel and 
comfortable powered vehicles were pro- 
vided to transport the guests around the 
plant, which covers over 80 acres. 
Each vehicle consisted of three flat cars 
pulled by a tractor. Each vehicle was 
manned by a driver and a member of the 
Training Department who _— spoke 
through a P.A. system mounted on the 
vehicle. The areas of the plant which 
were shown were the unrestricted parts 
of the production facilities of the R-4360 
reciprocating engine (three models) 
and some of the component parts manu- 
factured for the J-57 jet engine. 

During this time, the other section 
was given a lecture by James Moriarity, 
of the Training Department. He de- 
scribed, showing charts, the significant 
parts of the three models of the R-4360 
engine. He illustrated, with a 
rotating peg board, a typical flow 
system for production of an engine. 
Two films were shown: General Elec 
tric’s Jet Story and Effects of Foreign 
Matter on Jet Engines. 


also 


The tours and lectures were concluded 
at 10:00 p.m. 


Los Angeles Section 
Evert C. Hokanson, Secretary 


The first 1954 dinner meeting of the 
Los Angeles Section established a stand 
ard that will be most difficult to meet 
during the remainder of the year. On 
the evening of January 21, Jerome I 
McBrearty, Chief Structures Engineer 
for Lockheed Aircraft Corporation, 
gave the first U.S. presentation of the 


timely paper ‘Structures for High 
Speed Aircraft,” authored by the 
speaker and Hall L. Hibbard, Lock 


heed's Vice-President—Engineering 
Mr. Hibbard originally presented the 
paper at the Fourth Joint International 
Aeronautical Conference of the Royal 
Aeronautical Society and the Institute 
of the Aeronautical Sciences in London 
England. 

Mr. McBrearty, speaking with ease 
and fluency interspersed with excellent 
humor, made his presentation the most 
enlightening and interesting structures 
paper the writer has had the pleasure of 
hearing. The speaker covered the 
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BOEING B-52 


This is the giant new Boeing B-52 — and 

this picture explains exactly what Rohr 

is famous for: Building power packages 

— like the jet pods for this new 

, Stratofortress — and other equally 
famous commercial and military planes. 
In addition, Rohr aircraftsmen are 
currently producing more than 25,000 


different parts for all types of airplanes. 


WORLD'S LARGEST PRODUCER OF READY-TO-INSTALL POWER PACKAGES FOR AIRPLANES 


AIRCRAFT CORPORATION CHULA VISTA AND RIVERSIDE CALIFORNIA 
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major problems facing aircraft structural 
engineers in the foreseeable future and 
the tools available for solving these prob- 
lems. The paper was divided into 
three major phases—(1) structural prob- 
lems, (2) methods, and (3) materials. 
Each phase was amply illustrated with 
colored slides and charts. 

Because 22 to 46 per cent of the air- 
craft is structure, it is a fertile field for 
investigation. New methods and ma- 
terials must be developed because of the 
temperatures resulting from high-speed 
operation. Military aircraft encounter 
another temperature problem that must 
be considered. This is the effect of heat 
from atomic bombs. 

The methods for solving the multitu- 
dinous problems has outgrown the slide 
rule, which can average 40 computations 
per hour. To correct this deficiency, 
modern methods must be used, such as 
the IBM calculator which can produce 
1,900 calculations per hour. A new 
method has been successfully developed 
for high-speed model testing by the use 
of rockets. For many tests, this method, 
in which the sky replaces the wind tunnel, 
is far superior and less expensive. 

Of course, the value of increased use 
of telanium alloys was stressed, but 
greater advances in material develop 
ments are on the horizon. It may well 
be that new knowledge of atomic bond- 
ing strength will be the key to the store- 
house of the stress-analysis dream 
material. 

Prepared comments were given by C. 
H. Stevenson, Chief of Strength and 
Weights, Douglas Aircraft Company, 
Inc., El Segundo Division, and George 
N. Mangurian, Chief of Structures, 
Northrop Aircraft, Inc. Mr. Stevenson 
pointed out that, while speeds had in- 
creased tenfold, the structural loads had 
increased 100 times during the past few 
vears. Mr. Mangurian proposed that 
the reduction in safety factors, made 
possible by increased knowledge, would 
pay the greatest dividends in the near 
future. 

Section Chairman, Richard R. Heppe, 
presided over the meeting. He intro- 
duced the speaker and the new chair 
men of the various Section committees. 
The student guest for this meeting was 
Edward Lundby, Chairman of the Cal- 
Aero Technical Institute Branch. Mr. 
Heppe announced that plans for the 
Annual Summer Meeting were well un- 
der way and requested that anyone who 
had a paper on an outstanding subject 
for that meeting should present it 
promptly to the Summer Meeting Com- 
mittee. An enthusiastic audience of 
over 350 attended the meeting. 
> Norman L. Fox, Aerodynamics 
Group, Douglas Aircraft Company, 
Inc., Santa Monica Division, presented 
a paper and movie on “The Effect of 
Aircraft Jet Engine Exhaust Impinging 
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Shown at the head table during the January 13 meeting of the St. Louis Section are, left to 


right: P.R. 
Cederlund, CAA; J. H. Meyer 


Des Jardins, Section Treasurer and with the Army Aviation Field Service; W. 
Section Chairman and with McDonnell Aircraft Corporation; 


G. Merritt Preston, speaker of the evening and with NACA's Lewis Flight Propulsion Lab- 


oratory; C. J. 
L. K. Edwards, Section 


Wenzinger, Section Advisory Board member and with Sverdrup and Parcel, Inc.; 
rogram Chairman and with McDonnell Aircraft Corporation; and 


G. S. Graff, Section Secretary and with McDonnell Aircraft Corporation. 


on Airfield Surfaces” at the January 14 
Specialist Meeting. He presented data 
that showed that, for a stationary jet, 
the runway surface temperature reached 
the temperature of the incident jet blast 
within 15 min. It has also been proved 
that scale-model tests could be used for 
further tests and that the results are ap- 
plicable to full-scale operations. Con- 
siderable discussion followed the paper 
by representatives from the concrete 
industry, as well as the aviation in- 
dustry. 


St. Louis Section 
George S. Graff, Secretary 


The first meeting of the St. Louis 
Section to be held in 1954 took place at 
the Melbourne Hotel on January 13. 
The highly successful social hour and 
dinner before the meeting were attended 
by more than 80 members and guests. 

Introduced by Chairman John Meyer, 
G. Merritt Preston, speaker for the 
evening, talked about the crash fire 
phase of the NACA’s Flight Safety 
Program. Mr. Preston is Chief of the 
Flight Research Branch, Lewis Flight 
Propulsion Laboratory, NACA, 

The theme of Mr. Preston’s talk, 
which was spectacularly highlighted by 
a colored movie of fires following stmu 
lated crash landings, was that one cause 
of fire following a crash is a fuel mist that 
forms upon rupture of the airplane's 
fuel cells. 
of its formation and propagation were 


This fuel mist and the causes 


among the more important discoveries 
made during the NACA crash-fire in- 
vestigation. 

Mr. Preston pointed out that, al 
though the burning of the fuel mist it 
self is seldom hazardous, since it is 
rapid, it does provide ignition for the 
liquid fuel. Thus it is a most impor- 
tant link in the chain of events leading 
to a serious crash fire 

During the subsequent discussion of 
causes of ignition of the fuel mist, the 
speaker took occasion to indicate that a 
pilot should not cut his ignition when a 
crash is inevitable until after the fuel 
flow to the engine has been stopped. 


When the ignition is cut, he maintained, 
the raw gas mixture merely travels un 
burned through the engine and ignites in 
the hot exhaust manifold, thus providing 
an excellent ignition source for the fuel 
mist. The best procedure, he declared, 
is to cut off the fuel to the engine and 
inert the inside of the engine and mani- 
folds, and then to cut the ignition. 
Another, and least suspected source of 
ignition, he concluded, is electrostatic 
discharge from the crash fragments; 
this phenomenon accounted for one of 
the 17 crash fires observed during the 
NACA investigation. 

The formal talk was followed by a 
question - and - answer period, during 
which Mr. Preston pointed out that the 
17 crashes constituting the program of 
investigation represented, in reality 
only three particular types of crashes. 
He cautioned those present against applv- 
ing conclusions drawn from this program 
to any other type of crashes. 


San Diego Section 


H. C. Matteson, Corresponding 
Secretary 


Classical flutter and its investigation 
was the subject for a technical meeting 
held on January 12. The speaker was 
Michael Dublin, Chief of 
Convair, San Diego. 


Dynamics 


Mr. Dublin presented a broad view oi 
his subject, ranging from the mathe 
matical theory to flight-test ‘procedures 
and means of prevention of flutter. He 
described the flutter mechanism, dis 
cussed response curves and their signifi 
cance, and reviewed the techniques en 
ploved in the evaluation of the flutter 
characteristics of aircraft. Flutter 
model test techniques were also discussed 
Mr. Dublin augmented his talk with 
slides and graphically illustrated the 
significance of flutter by presenting 
movie showing wind-tunnel investiga 
tions of various flutter models on a mod 
ern high-speed airplane. 

Mr. Dublin’s talk was highly apprec: 
ated by an audience of 75. Following 
customary practice, coffee and dough 


As 
lead 
Cle 
mor 
stail 


eng 


ring 
met 
itie 
pro 


anc 


bre 
ces 
duc 


fre 


1] 
ihe 
Mi 


AERONAUTICAL ENGINEERING REVIEW—APRIL 1954 93 


For jet engines, 
the trend is 
to welded rings— 


by CLEVE-WELD! 


Another famous user of Cleve-Weld 
rings, the Curtiss-Wright J-65 jet engine 


As turbo-jet speeds climb ever higher, 
leading engine manufacturers look to the 
Cleve-Weld Process to produce more and 
more of the high-temperature-alloy and 
stainless steel rings that form some of the 
engine's vital structural parts. 

From raw steel bar stock to complete 
ring, close inspection by Cleve-Weld’s 
metallurgical laboratory and control facil- 
ities keeps constant check at every step of 
production. This assures exact physical 
and metallurgical tolerances required. 

Available on request is a new 28-page 
brochure explaining the Cleve-Weld Pro- 
cess and picturing our engineering, pro- 
duction and inspection facilities. For your 
free copy, write or wire THE CLEVE- 
LAND WELDING COMPANY, West 
117th Street and Berea Road, Cleveland 
7, Ohio. (A subsidiary of American 
Machine & Foundry Company, New York). 


products are better... by design 


Giant 750 KVA automatic electric 
resistance welder flash-butt-welds 
stainless steel jet rings in second 
step of the Cleve-Weld Process. 


The CLEVE-WELD/Process 


for better jet engine rings 
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Kearfott developed Servo Motors. 
production 


A Navy BuOrd Size 9 to Caw 


Size 18 
8 From 25/32" to 
1 $7/64" long | | 
C Plain Shafts .1200" and 
-1721" Diam. 
Pinion Shafts—13 Teeth q 
120 Pitch .1247" O.D. 4 
15 Teeth 96 Pitch .1771" ee 
OD. | 
D Plain Shafts from 5/16" | 
to 1/2" long 
Pinion Shafts from 
$/32" to 7/16" long | 
6D B — 


R-110, 111, 112 .938" Diam. 1.437" Diam. Motor- 
Servo Motor Servo Motor Tachometer Generator 


1 1/16" Diam. ~ 1 1/16" Diam. Motor- 
Geared Servomotor Tachometer Generator 


Shown Approx. 1/2 size 


Characterized by very low rotor inertia, low time constants and high 
stall torque, Kearfott Servo Motors are available for your most exacting 
requirements. Unitized housing and stator construction makes possible 
optimum performance under extreme environmental conditions. 


For either 26 or 115 volt, 60 or 400 cycle excitation, stall torque values 
range from .30 to 3.5 oz.-in. Geared Servo Motors in the same diameters 
can be provided with reduction ratios ranging from 10:1 to 300:1. 
Various Motor-Generator combinations provide Y4 to 3.1 volts per 1000 
R.P.M. with linearity, over a speed range of 0-5400 R.P.M., of 1% for 
damping or .1% for computing purposes. 


Send for Bulletin describing Servo 
Motors of interest to you. 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, Min- Ca? 
iaturized Vacuum Tube and Magnetic 


Amplifiers, Tachometer Generators, 
Hermetic Rotary Seals, Aircraft Nav- 
igational Systems, and other high 
accuracy mechanical, electrical and 
electronic components. 


SINCE 1917 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Midwest Office: 188 W. Randolph St., Chicago 1, Ill., West Coast Office: 253 N. Vinedo Ave., Pasadena, Calif. 
A General Precision Equipment Corporation Subsidiary 


nuts were served at the close of the for- 
mal meeting. 

>The San Diego Section held its first 
dinner meeting of the new year on 
January 29. The speaker for this oc- 
casion was Arthur E. Raymond, whose 
talk was entitled ‘Twenty Questions.” 
Mr. Raymond is Vice-President in 
Charge of Engineering, Douglas Air- 
craft Company, Inc., and is a Past 
President and Honorary Fellow in the 
IAS. He effectively employed his 
broad background of experience in the 
aircraft engineering field to discuss 
many of the more controversial points 
of view regarding the design of modern 
high-speed aircraft. 

At the outset, Mr. Raymond pointed 
out that aircraft design is a matter of 
compromise. He illustrated this point 
by discussing the various factors in 
volved in the selections of the wing 
configuration for a high-speed aircrait 
It was emphasized that no single plan 
form arrangement can be considered 
optimum regardless of other factors 
He noted that one complicating factor in 
this matter is that the aerodynamic 
‘‘folk-lore”’ is sometimes doubtful. 

Mr. Raymond reviewed many of the 
more confounding problems associated 
with the selection of the optimum power 
plant and its location. He elaborated 
on this subject by considering the case 
for a high-speed civil transport. Aero 
dynamic and structural efficiency are 
but two of the factorsinvolved. In addi 
tion, the noise problem, maintenance 
factors, safety, cost, and engine avail 
ability are equally important. The 
noise problem inand around civil airports 
may well be the most significant factor 
with regard to the type of power plants 
selected for future civil transport aircraft. 

Mr. Raymond closed his talk with 
some thoughtful remarks on aircraft 
design philosophy, amusingly illus- 
trated by personal experience. A ques 
tion-and-answer period followed. The 
audience of 175 members and _ their 
guests thoroughly enjoyed Mr. Ray 
mond’s considered appraisal of some of 
the more perplexing problems facing 
today’s aircraft-design groups. 


Seattle Section 
Russell B. Light, Secretary 


In honor of the fiftieth anniversary of 
the Wright Brothers historic first flight, 
the Seattle Section had as its speaker at 
the December 17 meeting a Boeing 
Airplane Company pioneer, Fred P 
Laudan, Vice-President—Manufactur- 
ing. 

Mr. Laudan has seen every Boeing 
airplane in production except the ort- 
ginal ‘‘B & W” which was built while he 
was completing engineering studies at 
the University of Washington. Born 
in Paola, Kan., in 1894, Mr. Laudan 
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joined Boeing as a Draftsman in 1919. 
He became Project Engineer in 1922 and 
had much to do with making possible 
mass production. He became Factory 
Superintendent in 1928 and 10 years 
later was named Vice-President. Since 
that time, his title has varied—Vice- 
President and Superintendent of the 
Seattle plants; Vice-President and 
Manager of the Renton Division (dur- 
ing World War II); Vice-President— 
Experimental Manufacturing; and 
finally, Vice-President— Manufacturing. 
He directed all factory work on the 
Stratocruiser, as well as experimental 
and production activities of Boeing’s 
B-50, C-97, XB-47, and B-52, and now 
has all Boeing factory operations in 
Seattle under his supervision. 

The speaker was introduced by the 
Seattle Section Chairman, ‘‘Nick’’ Led- 
better, who gave an interesting résumé 
of the first 50 years of flight. 

Mr. Laudan confined his remarks to 
Boeing’s contribution to flight during 
its 37 years of existence. His talk, both 
informative and entertaining, was illus- 
trated with slides showing the genealogy 
of Boeing types, starting with the “B & 
W” (Boeing & Westervelt) and ending 
with the B-52 and ‘‘Project X.” 

Mr. Laudan closed his talk with the 
following, which, while directed _pri- 
marily to Boeing people, could well 
apply to the entire aviation industry: 
“Much has been accomplished by Boe- 
ing men in the past 37 years, and, if we 
develop those working for us and with 
us and pass on our engineering and 
manufacturing knowledge and know- 
how to others so that they can assume 
responsibility and carry on, nothing 
within the realm of our fondest dreams 
will be impossible.”’ 

The presence of many of Boeing's 
“30-Year Club’? members as guests of 
the Seattle Section gave added interest 
to the meeting, for Mr. Laudan told 
many stories about these pioneers. 
> The January 14 meeting was held in 
Guggenheim Hall on the University of 
Washington campus where approxi- 
mately 200 members and guests as- 
sembled to hear a talk by A. Scott 
Crossfield, NACA Research Test Pilot. 
The subject of the talk was ‘‘The NACA 
High Speed Research Program.” 

Mr. Crossfield served as a fighter pilot 
with the Navy during World War II and 
Was active in the Naval Reserve pro- 
gram after the war. He attended the 
University of Washington where he 
earned his Master of Science degree in 
Aeronautical Engineering. Upon grad- 
uation, he was hired by the NACA and 
has been stationed at Edwards AFB, 
Calif., where he has been engaged in the 
high-speed research program. 

Mr. Crossfield, who has flown all of 
the NACA high-speed research aircraft, 
pointed out that the NACA is not in the 
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business of breaking records and that it 
was during a regularly scheduled flight 
test that he became the first man to fly 
at twice the speed of sound. In as 
much detail as security allowed, he dis- 
cussed the field of investigation covered 
by each of the research aircraft. He 
stressed the importance of the research 
program as an aid in interpreting high- 
speed wind-tunnel data. <A_ typical 
flight test was described starting with its 
inception and ending with the reduction 
of the data. The amount of planning 
and detail work for just a few minutes of 
flight was indeed impressive. 

During the question period after the 
regular meeting, Mr. Crossfield was 
asked to comment on the pilotless type 
of aircraft; he stated that ‘‘the guided 
missile undoubtedly had its place, but it 
was self-evident that the pilot was still 
the only servomechanism that could be 
produced in large quantities with un- 
skilled and low-paid labor.”’ 

Through the courtesy of the NACA, 
an interesting color film showing most 
of the research planes in flight was 
shown. 


Wichita Section 
Charles V. Petrie, Secretary 


The December dinner meeting cele- 
brated the Fiftieth Anniversary of 
Powered Flight and was a joint meeting 
with the local chapter of the Society of 
Automotive Engineers. The meeting 
and social hour were held at the Broad- 
view Hotel. Wives of IAS and SAE 
members were guests. 

Phil McKnight, Public Relations 
Director for Beech Aircraft Corporation, 
acted as toastmaster and honored the 
following pioneer and present-day avia- 
tionleaders: Sam Bloomfield, President, 
Swallow Airplane Company; Max Wal- 
ton, associated with Swallow Airplane 
Company during its formative years; 
Marcellus M. Murdock, Publisher of 
the Wichita Eagle and Chairman of the 
first Aviation Committee of the Wichita 
Chamber of Commerce; Milford Vanik, 
Chief of Technical Staff, Boeing Air- 
plane Company, Wichita Division; 
Jack Gaty, Vice-President and General 
Manager, Beech Aircraft; Tom Salter, 
Chief Engineer for The Cessna Aircraft 
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Company; A. S. Swenson, former 
Aviation Representative for the Wichita 
Chamber of Commerce; Bill Pearce, 
Chairman of the Wichita IAS Chapter; 
and Walter Roesing, Vice-Chairman of 
the Wichita SAE Chapter. 

The speaker of the evening was Victor 
E. Moore, Assistant Director of Air 
World Education for Trans World Air- 
lines, Inc., who spoke on ‘‘The Fiftieth 
Anniversary of Powered Flight and 
Trends for the Future.” 

Mr. Moore pointed out that aviation 
is the most dynamic thing that man has 
ever created because it has broken down 
all natural barriers between nations, 
such as oceans and mountains. The 
airplane has made us all neighbor na- 
tions. The only barrier left is a social 
barrier—lack of understanding. He 
suggested that we Americans begin 
teaching our children foreign languages 
in our schools, even at the kindergarten 
level, and that we send more people 
abroad, not to criticize but to learn to 
appreciate people of other nations as 
they are and become better acquainted 
with their cultures. He indicated that 
these peoples must be understood if we 
are going to keep the United States as 
it is and keep other parts of the world 
as our friends and markets. 

Mr. Moore told of experiments he 
conducted in South America during 
which small children were easily taught 
several languages simultaneously. He 
also told of conversations with dynamic 
young German engineering students 
who speak several languages and state 
frankly that they expect to be the 
leaders of a United States of Europe. 
He also pointed out that the people of 
the United States tell our statesmen 
what to do, but we do not have enough 
knowledge of world affairs. 

His talk reviewed the past 50 years of 
flight and parallel developments in 
other fields. He _ predicted that 
we would have space travel and a 
satellite station within the next 50 
years. 

Mr. Moore concluded with the 
thought that the youth of today will 
accept the world we give them and that 
how well they lead the world will be de- 
termined by the kind of guidance and 
training we give them. 


Members Elected 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the REVIEW. 


Elected to Associate Fellow Grade 

Nunez, Antonio, Ing., Dir.-Gen. ‘‘Este- 
ban Terradas”’ National Institute of Aero. 
Technology (Madrid). 


Elected to MEMBER Grade 


Bowden, Roger G., M.Sc. in Theoretical 
& Applied Mechanics, Devel. Engr., 


Flight Analysis Group, Autopilot Section, 
Aero. Div., Minneapolis-Honeywell Regu- 
lator Co. 

Curry, Herman H., B.S. in E.E. & M.E., 
Drawing Checker, Lockheed Aircraft 
Corp. 

Daggett, Max, Jr., B.S.Ae.E., Engrg. 
Designer ‘‘B,’’ Temco Aircraft Corp. 
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skyhook ~ 
fora BIG LIFT 


an airborne hoist 


MEIEZ 


IM A ROW 


w Easy does it with a hoist by BREEZE. 
Here’s 10,000 pounds being lifted by a 


150-pound airborne winch. 
CARGO HANDLING © RESCUE —_ It’s one of a new line of cargo-han- 
TOWING ® RAMP OPERATING | dling devices designed to meet specific 


ENGINE CHANGING ¢ OTHER USES 


needs in aircraft operations, where 
custom-built features are required. 
All of them embody extreme com- 
pactness and light weight in relation 
to high rated load. They are precision 
geared and braked for control refine- 
ments, with overload and safety fea- 
tures. They save time, labor and space. 
Consult BREEZE engineers 
for the newest in electrical, 
mechanical or hydraulic hoists 
to meet individual conditions. 


CORPORATIONS, INC. 
OTHER BREEZE PRECISION PRODUCTS = Special Connectors 


41 South Sixth Street © Newark 7, N. J. 
Actuators ® Ignition Shielding @® Aero-Seal Worm Drive Hose Clamps 
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Hayes, Wallace D., Ph.D., Scientific 
Liaison Officer, Office of Naval Research 
(London). 


Landis, Fred, Sc.D., Asst. Prof., Mech, 
Engrg., New York University. 


Love, Eugene S., B. of Ae.E., Head, 9- 
Inch Supersonic Tunnel Section, NACA, 
Langley AFB. 


Mantz, Paul, Pres.-Owner, Paul Mantz 
Air Services. 


Martin, Rowland E., Chief Test Pilot In 
Charge of Flight Test, Aeroproducts 
Operations, Allison Div., General Motors 
Corp. 


Notscheff, Iwan, Engr. “B,’’ Canadair, 
Ltd. 


Pion, Noel W., Design Engr., Propul- 
sion Div., North American Aviation, Inc. 


Proctor, Kent, B.Sc.M.E., Research 
Engr., Northrop Aircraft, Inc. 


Stevenson, Nevin J., Jr., M.S.Ae.E., Lt. 
Comdr. & Asst. for Aircraft Material, 
Cinclantfit Staff, USN (Norfolk). 


Stroud, John F., B.Sc.M.E., Thermo- 
dynamicist ‘‘A,’’ Lockheed Aircraft Corp 


Transferred to MEMBER Grade 


Faget, Maxime A., B.S.M.E., Head, 
Propulsion Aerodynamics Branch, Lang- 
ley Aero. Lab., NACA. 


Ferguson, Charles W., B.S.Ae.E., Stress 
Analyst, Douglas Aircraft Co., Inc. (Santa 
Monica ). 


Johnson, Douglas H., B.A.E., Designer 
“B,”’ Northrop Aircraft, Inc. 


Low, George M., M. of Ae.E., Aero. Re- 
search Scientist, Lewis Flight Propulsion 
Lab., NACA (Cleveland). 


Mooradian, Albert H., Lead Designer, 
Chance Vought Aircraft, Inc. (Boston 


Pittman, Walter D., B. of Ac.E., Struct. 
Group Leader, McDonnell Aircraft Corp 


Robinson, John O., M.Sc.Ae.E., Re 
search Engr., Guided Missiles, Douglas 
Aircraft Co., Inc. (Santa Monica). 


Steffens, Jerome, M.Sc. in Ac.E., 
Struct. Group Engr., Kaiser Metal Prod- 
ucts, Inc. 


Zemlin, Jerry P., M.S. in Ae.E., Devel. 
Engr.-Group Leader, Marquardt Aircraft 
Ca. 


Elected to Associate Member Grade 


Austin, Homer M., Sales Engr., Hydro 
Aire, Inc. 


Fenninger, Charles R., Contracting 
Engr., Consolidated Western Steel Div., 
U.S. Steel Corp. 


Jones, Edward D., Component Inspec 
tor, A. V. Roe Canada, Ltd. 


Mansfield, Dale E., Asst. Supvr 
Proof Planning, Consolidated Vultee Air- 
craft Corp. (San Diego). 
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fic Ritchey, Randolph, B.S.E., Mgr., Con- Stuchlak, Michael, Lab. Technician, Verlangieri, Vincent C., S.B., Jr. Engr.- 
ch tractors Equip. Div., Consolidated West- The Garrett Corp. Loads Analysis, North American Avia- 
ern Steel Div., U.S. Steel. 3 Swan, Frederic F., B.S., Maj., USAF; tion, Inc. (Downey). 
h, Rogers, Scott A., Jr.,A.B., Mgr., Engine Production Br., Ha San Bernar-, Whitesell, William J., B.S., 2nd Lt., 
Accessories Div., The Parker Appliance a ir Material Area( Norton Air Force USAF; Sindent-Grid.  Acmament Sys- 
Co. one tems, USAF Inst. of Tech., Wright-Pat- 
9. Taillon, Norman V. terson AFB. 
A Tan D 5 = 
geman, Dale D., B.S., Jr. Engr. 
Elected to Technical Member Grade “B,” Proj. Design Group, Boeing Air- Willis, Willis E., B.S., Test Engr., Con- 
eS Abrams, Robert H., B.S., Jr. Engr. plane Co. (Seattle). tinental Aviation & Engrg. Corp. 
Weights, North American Aviation, Inc. Tolosk .» B.S.Aero., Lt. ae 
Pilot Wolf, Alfred A., Jr., B.S. in Ae.E., Aero. 
In Blumenfeld, Bert, B.S. in M.E. & en ecb oe ile Engr., Sikorsky Aircraft Div., United Air- 
Meteorology, Operations Engr., Field craft Corp. 
~ Engrg. Div., Wright Aero. Div., Curtiss- = Vaughn, Melvin L., Weight Analyst 
mrs Wright Corp. A,” Northrop Aircraft, Inc. Zove, Philip, B. of Ae.E., 2nd Lt., 
; , : Velz, George T., B.S., Liaison Engr., USAFR; Research Asst. (part-time), New 
Bolon, Leslie Wilson, B.S.C.E., Equip. Kaman Aircraft Corp. York University. 
ats Engr., Lockheed Aircraft Corp. (Georgia 
Div.). 
ul Martin, John F., Chief of Aerodynamics, 
ic. Canadian Aviation Electronics. 
ch Painter, Ethan A., Lt., R&D Group, on — 
Aircraft Div., Systems Coordination Br., » Perte * 
Bureau of Aeronautics, USN seals aad 
1 Teng, Lee C., Ph.D., Asst. Prof., 
Physics Dept., Univ. of Wichita. 
; Vaughen, Jack F., B.S.Ae.E., Aero- 
6 dynamicist, Helicopter Div., Bell Air- 
craft Corp. 
Watkins, Thomas B., B.S.M.E., Aero. 
Research Scientist, Transonic & Super- 
Y, sonic Compressor Div., Lewis Flight Pro- 
ig- pulsion Lab., NACA. 
Zienkiewicz, H. K., D.C.Ae., Aecro- Helical geared 
dynamicist, Navigational Proj.  Div., motor with high 
; The English Electric Co., Ltd. ratio of horse- 
i power to weight. 
Transferred to Technical Member 
1eT 
Grade 
Chuck, Gilbert S. B., Research Engr., 
M.1.T. 
CONSIDER HIM A MEMBER OF YOUR 
Givler, Edwin G., Sr. Detailer, Hydrau- 
lic Design Group, Buick-Oldsmobile- 
er, Pontiac Assembly Div., General Motors e * 
Corp. 
ict Haberman, Wolf, S.B. in Ae.E., 2nd 
D Lt., USAF; Student Pilot, Bartow Air 
Base. 
: Jokeine, Stanley C., B.S. 2nd Lt. Many companies are finding it quite helpful to call in 
UEMC: Platoon Comair. Sed Mar. Div.. the Lamb Electric district engineer for suggestions, when 
FMF. designing a new motor-driven product or redesigning an 
E : existing one. 
Johnson, Robert R., Assoc. in Ac.E., g 
“ Engrg. Draftsman, North American Avia Through close cooperation of the manufacturer’s engineering 
tion, Inc. (Columbus). department and Lamb Electric engineers, such advantages 
rel as reduced costs, improved appearance, greater compact- 
ift Aireralt Co. ness and lower weight are often obtained. 
Perkins. Don. BS. in AcE., Grad The time to realize the full benefit of this teamwork is while 
de Student-Sales Engrg., Westinghouse Elec- your product is still in the blueprint stage. 
tric Corp. 
THE LAMB ELECTRIC COMPANY KENT, OHIO 
Prigge, John Sg 38s B.S. in Ae.E., In Canada: Lamb Electric — Division of Sangamo Company Ltd. — Leaside, Ont. 
Asst. Proj. Leader, D.I.C. Staff, Aero. 
Dept.-Aero-Elastics & Struct. Research, 
ing M | T 
1\ 
Stevens, Joseph W., S.B. in Ae.E., Jr. e 
Aerodynamicist, Chance Vought Air- 
craft, Inc. 
Stough, Robert a B.S.M.E. (Aero.), SPECIAL APPLICATION 
Jr. Design Engr., Industrial Products FRACTIONAL HORSEPOWER MOTORS 
Ait Div., Westinghouse Air Brake Co. 
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Aeronautical Reviews 


Al Guide to the Current Literature of 
Aeronautical Research and Engineering 


|. PERIODICALS AND REPORTS 


Aerodynamics. 101 Networks. . 108 Ordnance & Armament. . 113 
Boundary Layer and Thermoaero- Oscillators & Signal Generators 108 Photography . 113 
dynamics. .. 101 Semiconductors. 108 icaie 113 
Control Surfaces 101 Wave Propagation 108 aia” 
Fluid Mechanics & Aerodynamic Equipment... 109 
103 Flight Operating Problems. 109 Reciprocating. .. . 445 
Stability & Control 103 Fuels & Lubricants. 109 Rocket. eer 115 
Wings & Airfoils. 103 Lubricants & Lubrication 110 Production...... 115 
106 Ice Formation & Prevention 110 Metalworking. . 115 
410 Production Engineering. 115 
Aeronautics, General 106 Automatic Control 111 Reference Works....... 116 
Airplane Design 106 Machine Elements. 114 Refueling ~ Flight. bai 
Wing Group. 106 411 Wing Aircraft.... 
Airports. 106 Corrosion & Protective Coatings 111 118 
Aviation Medicine 106 Metals & Alloys. bs. Spa Se vel... 118 
Metals & Alloys, Ferrous. 111 pace Ira 
Computers. 106 Nonmetallic Materials 141 Structures....... «tS 
Electronics 106 Testing. 111 Beams & Columns. 1 te 
107 Mathematics 112 wes, 
ielectrics 108 
Electronic Controls 108 Thermodynamics......... 121 
Electronic Tubes 108 Military Aviation 112 Combustion. . 121 
Magnetic Devices 108 Missiles. 112 Water-Borne Aircraft. . 13a 129 
Measurements & Testing 108 Noise Reduction. 113 Wind Tunnels & Research Facilities... 122 


|. BOOKS REVIEWED IN THIS ISSUE 


Books, reports, and periodicals reviewed in this issue or in pre- 
vious issues may be borrowed on 2-week loan without charge by 
individual or Corporate Members of the Institute in the U.S. and 
Canada. Members of The Paul Kollsman Lending Library who 
are not members of the Institute may borrow books and, in spe- 
Members of the IAS may 
borrow also from the Engineering Societies Library through The 
Paul Kollsman Lending Library. 


cial cases, other research material. 


Photostatic copies of material in the Institute’s libraries may 
be obtained at a cost of $0.35 to members and Corporate Mem- 
bers ($0.45 to nonmembers) for each 8'/2- by 11-in. print and 


$0.40 to members and Corporate Members ($0.50 to nonmembers ) 
for each 111/2- by 14-in. print, plus postage. A minimum charge 
of $1.00 is made to nonmembers of the IAS. Reference citations 
in the Aeronautical Reviews Section give the total number of 
pages for report and booklet materials; only the beginning page 
is given for periodical articles. 


Bibliographies on special subjects will be compiled at the rate 
of $2.50 per hour. Translations of technical literature from for- 
eign languages may be obtained at $12 to $14 per 1,000 words, 
depending on the language. IAS members receive a 20 per 
cent discount on bibliographies and translations. 


Full information about library membership and facilities will be sent upon request to The Paul Kollsman 
Lending Library, 2 East 64th St., New York 21, N.Y. 
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cost-cutting 


stronger 


more dependable 


A NEW COPPER-PLATED STEEL WIRE 


OF UNMATCHED NATIONAL-STANDARD QUALITY 


SOLID 
COPPER WIRE 


COPPERPLY, accurately concentric and uniform, 
is steel wire electroplated with copper to the 
thickness required. This type wire was originally 
used for television lead-in installations. Now this 
unique wire is solving cost problems in many 
new applications. 

Maybe COPPERPLY gives you ideas for applications 
in your field .. . uses that will result in substantial 
savings over solid copper wire. 

In addition to cutting costs, COPPERPLY obviously 
is much stronger than copper wire. And National- 
Standard makes it with a regular or high tensile steel 
wire core to fill your specific requirements. 

We'll “loan” you an engineer to help you develop 
any ideas for using COPPERPLY you'd like to explore. 
It’s company policy to give the best service in the 
industry, in addition to the highest quality special 
wire and steel products available. Write the 
National-Standard Company, Niles, Michigan, 
concerning COPPERPLY. Write the appropriate 
division listed below on other products. 


Athenia Steel, Clifton, N. J. 


Flat, High Carbon, Cold Rolled Spring Steel 
DIVISIONS OF 
NATIONAL-STANDARD t National-Standard, Niles, Mich. 


aia Tire Wire, Stainless, Fabricated Braids and Tape 
} 
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Reynolds Wire, Dixon, Illinois 
Industrial Wire Cloth 


Metal Decorating Equipment 


NILES, MICHIGAN Worcester Wire Works, Worcester, Mass. 


Round and Shaped Steel Wire, Small Sizes 


Wagner Litho Machinery, Jersey City, N. J. 
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Aerodynamics 


Investigation of Mutual Interference 
Effects of Several Vertical-Tail-Fuselage 
Configurations in Sideslip. William H. 
Michael, Jr. U.S... NACA TN 3135, 
Jan., 1954. 35 pp. 


Boundary Layer and Thermoaerodynamics 


An Approximate Calculation of the 
Laminar Boundary Layer of a Flat Plate 
Having a Parabolic Plan Form. Jun-ichi 
Okabe. Kyushu U., Japan, Rep. Res. 
Inst. Appl. Mech., June, 1958, p. 86. 

An Approximate Calculation of the 
Laminar Boundary Layer of a Flat Plate of 
a Constant Breadth. Jun-ichi Okabe. 
Kyushu U., Japan, Rep. Res. Inst. Appl. 
Mech., June, 1953, p. 80. 

Boundary Layer Growth on a Spinning 
Body. C. R. Illingworth. Philos. Mag. 
(7th Ser.), Jan., 1954, p. 1. 11 refs. 
Calculation of the skin frictional force for 
a body of revolution in the early stages of 
a suddenly initiated and then constant 
screw motion about the axis of symmetry; 
determination of the effect of spin on the 
time of separation of the boundary layer. 

Experimental Investigation at a Mach 
Number of 2.41 of Average Skin-Friction 
Coefficients and Velocity Profiles for 
Laminar and Turbulent Boundary Layers 
and an Assessment of Probe Effects. 
Robert M. O’Donnell. U.S., NACA TN 
3122, Jan., 1954. 38pp. 15 refs. 

Mass Transfer from a Laminar Stream 
to a Flat Plate. D. B. Spalding. Proc. 
Royal Soc. (London), Ser. A, Jan. 7, 1954, 
p. 100. Problem of a laminar boundary 
layer with suction distributed in proportion 
to the reciprocal of the square root of the 
distance from the leading edge. 

Mass Transfer in Laminar Flow. D. 
B. Spalding. Proc. Royal Soc. (London), 
Ser. A, Jan. 7, 1954, p. 78. Derivation of 
expressions for the rate of mass transfer 
from a flat plate in a longitudinal fluid 
stream, from a vertical flat plate by nat- 
ural convection, and from the forward 
stagnation point of a sphere in a fluid 
stream. 

The Measurement of Heat Transfer and 
Skin Friction at Supersonic Speeds. 
I1I— Measurements of Overall Heat Trans- 
fer and of the Associated Boundary 
Layers on a Flat Plate at M, = 2.43. IV— 
Tests on a Flat Plate at M = 2.82. R. J. 
Monaghan and J. R. Cooke. Gt. Brit., 
ARC CP 139, 140 (Dec., 1951, June, 
1952), 1953. 63, 42 pp. 12 refs. BIS, 
New York. $2.75, $1.80. 

Method for Calculation of Compressible 
Laminar Boundary Layer with Axial 
Pressure Gradient and Heat Transfer. 
Paul A. Libby and Morris Morduchow. 
U.S., NACA TN 3457, Jan., 1954. 44 
pp. 23 refs. 

Method for Calculation of Laminar Heat 
Transfer in Air Flow Around Cylinders of 
Arbitrary Cross Section (Including Large 
Temperature Differences and Transpira- 
tion Cooling). E.R. G. Eckert and John 


N. B. Livingood. (U.S., NACA TN 
2733, 1952.) U.S., NACA Rep. 1118, 
1953. 29 pp. 37 refs. Supt. of Doc., 
Wash. $0.30. 


Skin Friction in Slip Flow. S. A. 
Schaaf and F.S. Sherman. J. Aero. Sci., 
Feb., 1954, p. 85. 34 refs. USAF-ONR- 


AERONAUTICAL REVIEWS 


sponsored experimental investigation at 
the University of California at Berkeley 
to determine the drag for a flat plate at 
zero angle of attack in slip flow. 

Survey of Friction Coefficients, Recovery 
Factors, and Heat-Transfer Coefficients 
for Supersonic Flow. Joseph Kaye. J. 
Aero Sci., Feb., 1954, p. 117. 34 refs. 
Review of theoretical and experimental 
investigations on laminar and turbulent 
boundary layers and related problems, 
with a description of two MIT projects 
under ONR and OAR sponsorship. 

The Turbulent Boundary Layer in 
Compressible Flow. W. F. Cope. Gt. 
Brit., ARC R&M 2840 (Nov., 1943), 1953. 
8 pp. BIS, New York. $0.65. Investi- 
gation of the flow of a compressible gas 
past a flat plate for a turbulent boundary 
layer; calculation of the local and mean 
skin friction coefficients for power and log 
laws of velocity distribution. 

Turbulent Boundary Layers in Adverse 
Pressure Gradients. Francis H. Clauser. 
J. Aero. Sci., Feb., 1954, p. 91. 15 refs. 
USAF-sponsored experimental research 
at Johns Hopkins University on flow 
separation and related aspects. 

The Resistance to Air Flow of Porous 
Materials Suitable for Boundary-Layer- 
Control Applications Using Area Suction. 
Robert E. Dannenberg, James A. Weiberg, 
and Bruno J. Gambucci. U.S., NACA 
TN 3094, Jan., 1954. 21 pp. 21 refs. 

Wind-tunnel Tests on the Prevention of 
Boundary-layer Separation by Distributed 
Suction at the Rear of a Thick Aerofoil 
(NPL 153). N. Gregory, R. C. Pank- 
hurst, and W. S. Walker. Gt. Brit., 
ARC R&M 2788 (Oct., 1950), 1953. 7 pp. 
BIS, New York. $0.65. 


Control Surfaces 


Measurements of the Aerodynamic 
Derivatives for a Horn-Balanced Elevator. 
N. C. Lambourne, A. Chinneck, and D. B. 


Betts. Gt. Brit., ARC R&M 2653 (Jan., 
1949), 1958. 15 pp. BIS, New York. 
$1.25. 


Note on Aerodynamic Camber. H. 
C. Garner. Gt. Brit., ARC R&M 2820 
(Apr., 1950), 1953. 14 pp. 29 refs. 
BIS, New York. $1.00. Quasi two-di- 
mensional approach to the problem of con- 
trol surfaces. 

The Theory of Aerofoils with Hinged 
Flaps in Two-dimensional Compressible 
Flow. L.C. Woods. Gt. Brit., ARC CP 
138 (Aug. 7, 1952), 1953. 32 pp. 11 
refs. BIS, New York. $1.90. 

Wind-Tunnel Tests of a 0.03 c Double 
Slotted Flap. G. A. Collins. Australia, 
ARL AN 124, July, 1953. 19 pp. 


Fluid Mechanics & Aerodynamic Theory 


Correlations Involving Pressure Fluc- 
tuations in Homogeneous Turbulence. 
Mahinder S. Uberoi. U.S., NACA TN 
3116, Jan., 1954. 61 pp. 23 refs. 

Curves for Estimating the Wave Drag of 
Some Bodies of Revolution, Based on 
Exact and Approximate Theories. L. E. 
Fraenkel. Gt. Brit., ARC CP 136 (Aug., 


1952), 1953. 15 pp. BIS, New York. 
$0.75. 

Direct Determination of the Flow 
Curves of Non-Newtonian Fluids. II— 


Standardized Treatment of Viscometric 
Data. Irvin M. Krieger and Samuel H. 
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Maron. J. 
72. 

Effect of Gas Slip on Unsteady Flow of 
Gas Through Porous Media. J. S. 
Aronofsky. J. Appl. Phys., Jan., 1954, 
p. 48. 

The Free-Stream Boundaries of Tur- 
bulent Flows. Stanley Corrsin and Alan 
L. Kistler. U.S., NACA TN 3133, Jan., 
1954. 109pp. 43refs. An experimental 
and theoretical study at Johns Hopkins 
University. 

Heat Transfer and Fluid Friction for 
Fully Developed Turbulent Flow of Air 
and Supercritical Water With Variable 
Fluid Properties. R.G. Deissler. Trans. 
ASME, Jan., 1954, p. 73; Discussion, p. 
83. 10 refs. 

Hydrodynamic Stability of the Flow in 
the Laminar Boundary Layer Between 
Parallel Streams. R. C. Lock. Proc. 
Cambridge Philos. Soc., Jan., 1954, p. 105. 
Full mathematical treatment of the prob- 
lem of the generation of waves on the sur- 
face of a liquid by wind blowing over it 
taking into account the interaction be- 
tween the motions of the fluid and of the 
air. 

Note on the Motion of Viscous Liquid 
Past a Parabolic Cylinder. W.R. Dean. 
Proc. Cambridge Philos. Soc., Jan., 1954, p. 
125. Derivation of approximate expres- 
sions for the stream function and pressure 
in the steady two-dimensional motion of 
viscous incompressible liquid, in the partic- 
ular case of flow past a flat plate. 

Quelques Résultats et Méthodes Clas- 
siques d'Etude des Ecoulements Turbu- 
lents. Jean.-J. Bernard. NATO AGARD 
Colloquium, Cambridge, England, Dec. 7-11, 
1953, Preprint. 20 pp. 18 refs. In 
French. Some classical results and meth- 
ods in theoretical and experimental 
studies of turbulent flow. 

Supersonic Gas Flow. W. A. Mair. 
Brit. J. Appi. Phys., Jan., 1954, p. 1. 
Basic principles; experimental methods 
for the investigation of supersonic flows. 

A Method for Generating Strong Shock 
Waves. A. Hertzberg and W. E. Smith. 
J. Appl. Phys., Jan., 1954, p. 180. Ex- 
perimental research at Cornell Aero. Lab. 
into phenomena of hypersonic flow and 
high-temperature gas dynamics which are 
dependent on generation of shock waves of 
Mach Number greater than ten. 

On Gas Flow in One Dimension Follow- 
ing a Normal Shock of Variable Strength. 
C. W. Jones. Proc. Royal Soc. (London), 
Ser. A, Jan. 21, 1954, p. 257. 

The Propagation of Shock Waves in a 
Channel of Non-Uniform Width. W. 
Chester. Quart. J. Mech. & Appl. Math., 
Dec., 1953, p. 440. 


Appl. Phys., Jan., 1954, p. 


Internal Flow 


Design of a Right-angled Bend with 
Constant Velocities at the Walls. A. S 


Thom. Gt. Brit., ARC CP 135 (Feb. 5, 
1952), 1953. 18 pp. BIS, New York. 
$0.90. Method for designing a corner ina 


two-dimensional duct. 
Effect of Surface Roughness Over the 
Downstream Region of a 23° Conical 


Diffuser. Jerome Persh and Bruce M. 
Bailey. U.S.. NACA TN 3066, Jan., 
1954. 57 pp. 


Effect of Various Arrangements of 
Triangular Ledges on the Performance of 


e. 


technical bulletin 


a NeW 


... that can be made to 
your exact specifications in 


PILOT SEAT 
ACTUATOR 


1. Length of stroke The two jacks 
. are coupled for 
2. Speed of stroke synchronized movement. 
a 3. Spread between jacks 


4. Operating load 
5. Mounting dimensions 


Another new product from the design department at EEMCO 
is this pilot seat adjustment actuator that can be made to 
your exact specifications as listed above. With a weight of 
only 7 pounds, it will handle an operational load of 350 pounds 
and more. The compact control box, only 23%” x 4%” x 6%” 
in size, contains the small and powerful EEMCO motor for 
driving the two jacks, as well as the clutch, brake, limit travel 
switches and radio noise filter. The two jacks are coupled for 
synchronized movement. The actuator illustrated has the 
following specifications: 


Operating load: 350 pounds 

Voltage required: 26 DC Amperes: 8.5 

Stroke: 4.625” Speed of stroke: .75” per second 
Ultimate static tension load: 6600 pounds 

Ultimate static compression load: 1800 pounds 


Electrical Engineering 
and Manufacturing Corp. 


4612 West Jefferson Blvd. 
Los Angeles 16, Calif. 
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a 23° Conical Diffuser at Subsonic Mach 
Numbers. Jerome Persh and Bruce M. 
Bailey. U.S., NACA TN 3123, Jan., 
1954. 36 pp. 

An Interferometric Study of the Bound- 
ary Layer on a Turbine Nozzle Blade. 
Cc. R. Faulders. Trans. ASME, Jan., 
1954, p. 61. 

Laminar Flow in an Axially Symmetrical 
Jet of Compressible Fluid, Far from the 
Orifice. D. C. Pack. Proc. Cambridge 
Philos. Soc., Jan., 1954, p. 98. 

Measurement of Heat-Transfer and 
Friction Coefficients for Flow of Air in 
Noncircular Ducts at High Surface Tem- 
peratures. Warren H. Lowdermilk, Wal- 
ter F. Weiland, Jr., and John N. B. Livin- 
good. U.S., NACA RM E53J07, Jan. 
25, 1954. 26 pp. 

A Method for Estimating the Effect of 
Turbulent Velocity Fluctuations in the 
Boundary Layer on Diffuser Total-Pres- 
sure-Loss Measurements. Jerome Persh 
and Bruce M. Bailey. U.S., NACA TN 
3124, Jan., 1954. 16 pp. 

A Note on the Laminar Flow in the Inlet 
Length of a Circular Pipe. Michio Ohji. 
Kyushu U., Japan, Rep. Res. Inst. Appl. 
Mech., June, 1953, p. 75. 

On the Decompression of a Punctured 
Pressurized Cabin in Vacuum Flight. 
S. T. Demetriades. Jet Propulsion, Jan.- 
Feb., 1954, p. 35. Analysis in terms of 
isentropic internal nozzle flow assumptions. 

On the Stability of Viscous Flow Be- 
tween Parallel Planes in the Presence of a 
Co-planar Magnetic Field. J. T. Stuart. 
Proc. Royal Soc. (London), Ser. A, Jan. 21, 
1954, p. 189. NPL investigation; deri- 
vation of the general equations of mag- 
neto-hydrodynamic stability of parallel 
flows, with an energy relationship. 

Theoretical Considerations on Free 
Convection in Tubes. M. J. Lighthill. 
Quart. J. Mech. & Appl. Math., Dec., 
1953, p. 398. 10 refs. 

The Thermodynamics of Frictional Re- 
sisted Adiabatic Flow of Gases Through 
Ducts of Constant and Varying Cross 
Section. W. R. Thompson. Gt. Brit., 
NGTE Rep. R. 119, Sept., 1952. 45 pp., 
folded charts and diagrams. 


Performance 


The Loss in Climb Performance, Rela- 
tive to the Optimum, Arising from the 
use of a Practical Climb Technique. K. J. 
Lush. Gt. Brit., ARC R&M 2756 (Aug., 
1949), 1953. 12 pp. BIS, New York. 
$0.90. 

Tests on a Whirlwind Aircraft in the 
Royal Aircraft Establishment 24-ft Wind 
Tunnel. T. V. Somerville, R. R. Duddy, 


and G. H. L. Buxton. Gt. Brit., ARC 


R&M 2603 (June, 1940), 1953. 17 pp. 
BIS, New York. $1.25. 


Stability & Control 


A General Treatment of Static Longi- 
tudinal Stability with Propellers, with 
Application to Single-Engined Aircraft. 
E. Priestley. Gt. Brit., ARC R&M 2732 
(May, 1944), 1953. 20 pp. BIS, New 
York. $1.25. 

A Method for Estimating Variations in 
the Roots of the Lateral-Stability Quartic 
Due to Changes in Mass and Aerody- 
namic Parameters of an Airplane. Ordway 


AERONAUTICAL REVIEWS 


B. Gates, Jr., and C. H. Woodling. U.S., 
NACA TN 3134, Jan., 1954. 66 pp. 

Some Effects of Aspect Ratio and Tail 
Length on the Contribution of a Vertical 
Tail to Unsteady Lateral Damping and 
Directional Stability of a Model Oscillat- 
ing Continuously in Yaw. Lewis R. 
Fisher. U.S., NACA TN 3121, Jan., 
1954. 49 pp. 10 refs. 


Wings & Airfoils 


The Importance of Crosswind Forces 
Attainable from Moving Systems. Fred 
S. Eastman. Trend in Eng., Jan., 1954, p. 
10. Analysis includes limits of attainable 
lift and thrust at different ratios and the 
influence of crosswind velocity on lift, 
drag, and thrust. 

Low-Speed Measurements of the Pres- 
sure Distribution at the Surface of a 
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Swept-back Wing. V. M. Falkner and 
Doris E. Lehrian. Gt. Brit., ARC R&@M 
2741 (Nov., 1949), 19538. 36 pp. BIS, 
New York. $1.00. 


Observations on a Thin Cambered 
Aerofoil Beyond the Critical Mach Num- 
ber. E. W. E. Rogers. Gt. Brit., ARC 
R&M 2432 (July, 1952), 19538. 16 pp. 
BIS, New York. $1.25. 

The Plane Problem of the Flapping 
Wing. Walter Birnbaum. (ZAMM, 
Band 4, 1924, p. 277.) U.S., NACA TM 
1364, Jan., 1954. 38 pp. Translation. 
A theoretical study, based on vortex 
theory as applied to the linearized equa- 
tions of motion, of forces on wings of in- 
finite aspect ratio in incompressible flow. 


Reciprocity Relations in Aerodynamics. 
Max. A. Heaslet and John R. Spreiter. 


AIRCRAFT C0. w. 


FARMINGDALE, NEW YORK 
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HOW G-E JET SER 


THE CANNING LINE. Tech- 
jans watch for engine mis- 
dling, check packiag pro- 


INSTALLATION. G-E tech reps are 
on hand ‘round-the-clock to help 
personnel with installation and 
maintenance problems 


CLASSROOM SESSIONS given by 
G-E jet engineers help pilots and 
mechanics have a better under- 
standing of G-E turbojets. 


VICE ENGINEERING WORKS FOR YOUR G-E POWERED AIRCRAFT 


the world—whenever, 
ever needed. 


G-E jet service helps keep F-86D’s 


READY FOR CONTINENTAL DEFENSE 


G-E service engineering at U.S. Air Force Bases helps maintain high percentage 


of aircraft readiness by speeding engine maintenance 


General Electric jet service engineering has one 
all-important objective— to help G-E turbojet users 
get the highest possible utilization from their engines 
at all times. 


For example, take the 71st Fighter-Interceptor 
Squadron at Coraopolis AFB, an Air Defense 
Command Base near Pittsburgh. There G-E tech 
reps work with USAF maintenance personnel to 
maintain high availability of North American 
F-86D’s. 

Besides improving engine maintenance and over- 
haul procedures, the tech reps lower turbojet repair 
time-cycles by applying new and improved service 
techniques developed from G-E operating experience. 


General Electric jet service engineering in the 
Pittsburgh area is, of course, part of G.E.’s world- 
wide jet service program.G-E tech reps are stationed 
in Japan, Greenland, Germany, England, Puerto 
Rico, Alaska, Italy, Africa, and Korea. In the United 
States, jet representatives are available to airframe 
manufacturers, the Air Force, and the Navy from 
coast-to-coast. 


For further information on this program, contact 
a G-E Aircraft Specialist. He’ll be glad to tell you 
how G-E service engineering can go to work for 
your aircraft—today, or five years from now. 
Section 230-26, General Electric Company, Sche- 
nectady 5, N.Y. 


Go oan ut your. confidence 


GENERAL 


READY TO TEST a’new G-E J47-17 engine, personnel of 71st 
Fighter-Interceptor Squadron listen as G-E tech rep outlines 
necessary steps. 


ELECTRIC 


INFORMAL CLASSES are conducted by G-E reps to orient USAF 
personnel on repair and servicing techniques. Below, G-E engi- 
neer explains thermocouple device to class. 


FLIGHT OPERATION. G-E tech 
reps are available throughout 
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(U.S., NACA TN 2700, 
NACA Rep. 1119, 1953. 16 pp. 32 refs. 
Supt. of Doc., Wash. $0.20. Investiga- 
tion of problems of wing theory in steady 
and unsteady subsonic and supersonic 
flow. 

Scale Effect of Spinning of a Delta 
Wing. A. V. Stephens and V. J. Smith. 
Australia, ARL Rep. A.84, Sept., 1953. 
41 pp. 

A Simplified Mathematical Model for 
Calculating Aerodynamic Loading and 
Downwash for Wing-Fuselage Combina- 
tions with Wings of Arbitrary Plan Form. 
Martin Zlotnick and Samuel W. Robinson, 
Jr. (U.S., NACA RM L52J27a, 1953.) 
U.S., NACA TN 3057, Jan., 1954. 38 pp. 

Span Load Distributions Resulting 
from Constant Vertical Acceleration for 
Thin Sweptback Tapered Wings with 
Streamwise Tips; Supersonic Leading 
and Trailing Edges. Isabella J. Cole and 
Kenneth Margolis. U.S.. NACA TN 
3120, Jan., 1954. 62 pp. 

Tests on a Swept-back Wing and Body 
in the Compressed Air Tunnel. C. 
Salter, C. J. W. Miles, and H. M. Lee. 
Gt. Brit., ARC R&M 2738 (May, 1950), 
1953. 15 pp. BIS, New York. $1.25. 


1952.) U.S., 


Aeroelasticity 


Natural Frequencies and Modes of a 
Model Delta Aircraft. D. R. Gaukroger. 
Gt. Brit., ARC R&M 2762 (June, 1950), 
1953. 32pp. BIS, New York. $1.90. 

Natural Frequency of a Nonlinear Sys- 
tem Subjected to a Nonmassive Load. 
C. E. Crede. Trans. ASME, Jan., 1954, 
p. 117. Graphical analysis of a single- 
degree-of-freedom system with nonlinear 
elasticity such that the stiffness increases 
as the deflection increases; application to 
vibration protection of delicate instru- 
ments and other areas involving vibration 
of small displacement. 

On a Forced Lateral Vibration of a 
Number of Particles Attached to a String 
at Equal Intervals. Jun-ichi Okabe. 
Kyushu U., Japan, Rep. Res. Inst. Appl. 
Mech., Sept., 1953, p. 147. 

On the Kernel Function of the Integral 
Equation Relating the Lift and Downwash 
Distributions of Oscillating Finite Wings in 
Subsonic Flow. Charles E. Watkins, 
Harry L. Runyan, and Donald S. Wool- 
ston. U.S., NACA TN 3131, Jan., 1954. 
44 pp. 29 refs. 

Unsteady and Amplitude Effects on the 
Moment Derivatives of a Prolate Spheroid. 
V. G. Szebehely and O. C. Niederer. 
U.S., Navy Dept., David W. Taylor Model 
Basin, Rep. 828, Dec., 1953. 22 pp. 

The Vibrations of a Swept Wing. N.S. 
Heaps. Gt. Brit., ARC CP 141 (Apr., 
1952), 19538. 26 pp. BIS, New York. 
$1.25. Theoretical investigation of the 
couplings of torsion and flexure due to the 
skewness of the ribs and the building-in of 
the root section, in the case of a swept 
wing with ribs parallel to the direction of 
flight. 


Aeronautics, General 


The First Half-Century of Flight in 
America. (The Seventeenth Wright 
Brothers Lecture.) Glenn L. Martin. 
J. Aero. Sci., Feb., 1954, p. 73. Develop- 


mental appraisal of fundamental problems 
and research on power plants, materials, 
aerodynamic structures, and other re- 
quirements; future trends 


Airplane Design 


Convair B-36. Robert McLarren. 
Aero Dig., Jan., 1954, p. 28, cutaway draw- 
ing. Design and structural details; con- 
trol and armament features; performance 
characteristics 

The de Havilland Heron. 
craft Ind. Bul., Jan., 
drawing. (Alsoin F t, Jan. 22, 1954, p. 
97.) Design, structural, and equipment 
details; performance and other character- 
istics; economic factors 

The Modern Executive Airplane as a 
Medium of Transportation. W. P. Lear. 
SAE Annual Meeting, Detroit, Jan. 11-15, 
1954, Preprint 253. 8 pp 

Some Physical Properties of a Number 
of Proposed Constructions of Materials for 
Nonmetallic Crash-Resistant Aircraft Fuel 
Tanks. Richard N. Motsinger, Melvin 
F. Miller, and Robert J. Schroers. U.S., 
CAA TDR 220, Dec., 1953. 25 pp. 

Technical Evaluation: Douglas DC-7. 
Glenn H. Brink. Skyways, Feb., 1954, p. 
9. Design and performance characteris- 
tics. 

Towards Greater Flexibility -Le Barou- 
deur. James Hay Stevens. The Aero- 
plane, Jan. 1, 1954, p. 11. Design and 
structural analysis of the SNCA du Sud 
Est SE-5000; performance characteristics. 


Brit. Air- 
1954, p. 1, cutaway 


Utility Plane of the Future. August 
Raspet. Av. Age, Jan., 1954, p. 125. A 
design conception of a personal-business 


aircraft incorporating full boundary-layer 
control features 


Wing Group 


Aero-isoclinic Wing and All-moving 
Wing-tips; Some Account of the Short 
Sherpa and the Considerations which have 
Led to its Design. Aircraft Eng., Jan., 
1954, p. 18. 

A Theoretical Approach to the Design of 
Hydrofoils. C.H.E. Warren. Gt. Brit., 
ARC R&M 2836 (Sept., 1946), 1953. 20 
pp. BIS, New York. $1.00. 

Two-dimensional Aerofoil Design in 
Compressible Flow. L. C. Woods. Gt. 
Brit., ARC R&M 2731 (Nov., 1949), 1953. 
19 pp. 14refs. BIS, New York. $1.40. 
Problem of the design of an airfoil to give 
a specified velocity against chord curve at 
a given free-stream Mach Number. 


Airports 


Development of a Dynamic Air Traffic 
Control Simulator. Richard E. Baker, 
Arthur L. Grant, and Tirey K. Vickers. 


U.S., CAA TDR 191, Oct., 1953. 12 pp. 


Aviation Medicine 


The Effects of Heat Stress on Mental 
Performance. D. J. Bartlett and D.G.C. 
Gronow. Gt. Brit., FPRC 846, Aug., 
1953. 16 pp. Studies in the RAF 
Institute of Aviation Medicine. 


1954 


Computers 


An Analogue Computer for the Solution 
of the Radio Refractive-Index Equation. 
Walter E. Johnson. (Res. Paper 2462 
U.S., NBS J. Res., Dec., 1953, p. 335. 
Design and operational characteristics of 
the NBS Central Radio Propagation Lab 
computer. 

Analysis of Multicell Delta Wings on 
Cal-Tech Analog Computer. Richard H. 
MacNeal and Stanley U. Benscoter. 
U.S., NACA TN $114, Dec., 1953. 84 
pp. Investigative structural analyses at 
CIT; interpretation of computing prob- 
lems and data. 

Analysis of Straight Multicell Wings on 
Cal-Tech Analog Computer. Stanley U 
Benscoter and Richard H. MacNeal. 
U.S., NACA TN 3113, Jan., 1954. 79 
pp. Structural study, including an inter- 
pretative analysis of data presentation. 

Analysis of Sweptback Wings on Cal- 
Tech Analog Computer. Richard H. 
MacNeal and Stanley U. Benscoter. 
U.S., NACA TN 3115, Jan., 1954. 80 
pp. CIT investigation, with an analysis 
of recording and computational problems. 

An Improved Experimental Iteration 
Method for Use with Resistance-Network 
Analogues. G. Liebmann and R. Bailey 
Brit. J. of Appl. Phys., Jan., 1954, p. 32 

Instantaneous Multiplier for Computers. 
Martin Mehron and Walter Otto. Elec- 
tronics, Feb., 1954, p. 144. Cascaded cur- 
vature-type balanced modulators to mul- 
tiply two voltage functions of time to indi- 
cate directly the positive or negative prod- 
uct. 

Map Method for Synthesis of Logic 
Circuits. M.Karnaugh. Elec. Eng., Feb. 
1954, p. 136. Abridged. Scheme for 
simplifying the derivation of logical forms 
for digital control and computing circuits 

SEAC Improvements Increase Comput- 


ing Power. U.S., NBS Tech. News Bul., 
Jan., 1954, p. 8. Design and operational 
factors. 


The Solution of Transient Heat-flow 
Problems by Analogous Electrical Net- 
works. D.I. Lawson and J. H. McGuire 
IME Proc. (A), No. 3, 1958, p. 275; 
Communication, p. 288. 26refs. Design 
characteristics of machine using principles 
of electrical analogy with the flow of cur- 
rent in series-resistance, shunt-capacity, 
and networks; circuit details. 


Electronics 


Complexity of Military Electronics. 
R. J. Nordlund. Skyways, Feb., 1954, p. 
23. Evaluative analysis of developmental 
design and reliability factors in terms of 
optimum but intricate requirements. 

D.C. Amplifiers; Methods of Amplify- 
ing and Measuring Small Direct Currents 
and Potentials. I. J. Yarwood and D. 
H. Le Croissette. Electronic Eng., Jan., 
1954, p.14. 22 refs. 

Electrical Properties of 
III—Microcrystalline Selenium Metal 
Doped. H. W. Henkels and J. Maczuk. 
J. Appl. Phys., Jan., 1954, p. 1. Army 
Signal Corps-sponsored investigation of 
metallic thermoelectric powers and resis- 
tivity at the University of Pennsylvania 

The Thermal and Electrical Conductiv- 
ity of Magnesium at Low Temperatures. 


Selenium. 


H. M. 
Ser.), J 
vestiga 
ford, E 

H.F. 
C.W. a 
Smith, 
Engr., . 
sis of t 
estimat 
pulsed 
are util 
region. 

How 
Radar. 
and Ri 
1954, | 
quency 
pulsed 

Met: 
W. 
Grimsl 
NBS J 
NBS i 
quired 
at —5 
peratu 
this te 


Jan., 
vestiga 
Valv 
at V.H 
Jan., 1 
eters | 
experil 
Non 
Aerove 
Oct.-N 
eral ch 
termin 
tions. 
The 
Mica | 
H. For 
NPL-c 
with 
ured ai 
Reli 
nents. 
Jan., 
mainte 
specifi 
Self 
Bunen 
Jan., 1 
princiy 
betwe 
charge 
formul 
of mot 
culatic 
A § 
Tcheb 
J. Ap; 
Son 
tronic 
1954, | 
survey 
guided 
logical 
Crysta 
Sup 
Shear 


Plates 
Wicz. 


| 
radar, 
device 
On 
Noise. 


AERONAUTICAL REVIEWS 107 


H. M. Rosenberg. Philos. Mag. (7th 
Ser.), Jan., 1954, p. 73. Experimental in- 


on vestigation at the Clarendon Lab., Ox- 
ford, England. 

.. H.F. Direction Finding; Comparison of 
a C.W. and Pulsed Transmissions. S. B. 


Smith, and H. G. Hopkins. Wireless 
tb Engr., Jan., 1954, p. 11. 12refs. Analy- 

sis of the causes of errors, with numerical 
estimates of the error-components when 


H pulsed and continuous-wave transmissions 
sa : are utilized in the 8 me. per sec. frequency 
region. 

at How Long-Line Effect Impairs Tunable 
rb- Radar. Joseph F. Hull, Gabriel Novick, 


and Richard Cordray. Electronics, Feb., 
on 1954, p. 168. Includes analysis of fre- 
| quency-jumping behavior when using 
pulsed and continuous-wave tubes. 
Metal Ultrasonic Delay Lines. Russell 


oe W. Mebs, John H. Darr, and John D. 
on. | Grimsley. (Res. Paper 2453.) U.S., 
al- | NBS J. Res., Nov., 1953, p. 209. 14 refs. 
H. — NBS investigation of usable metals re- 
pr quired to transmit 10-mce. ultrasonic pulses SPECIALISTS IN 


F at —50°-200° C. with a negligible tem- 
perature coefficient of sound velocity over 


THE MANUFACTURE OF 


4: this temperature range; application to PRECISION BOLTS 

and other electronic AND SPECIAL FASTENERS 
‘ ) On the Detection of Sure Signals in 

| Noise. R. C. Davis. J. Appl. Phys., 

> Jan., 1954, p. 76. 12 refs. NOTS in- 

vestigation. 

ur- 


Valve and Receiver Noise Measurement 
at V.H.F. N. Houlding. Wireless Engr., 
} Jan., 1954, p.15. Techniques and param- 
oc | eters for measuring noise factors, with 
experimental results on noise generators. 


Non-Linear Resistors. Eng. Dept., 
= Aerovox Corp. Aerovox Res. Worker, 
tor Oct.-Nov., 1958. 5 pp. 10 refs. Gen- 
seou eral characteristics of some common two- 
ats terminal nonlinear types; circuit applica- 
tions. 
6g The Performance of Dried and Sealed 
nal Mica Capacitors. G. H. Rayner and L. 
H. Ford. J. Sct. Instr., Jan., 1954, p. 3. 
low NPL-developed for increased stability, 
let- | with capacitance and power factor meas- 
nara ured at 10-10,000 cycles per sec. 


$e. Reliable Sockets For Plug-in Compo- 
_ | nents. John F. X. Mannix. Elec. Mfg., 
ples Jan., 1954, p. 124. Functional design, 


“ur | maintenance, and other factors; JAN 
specifications. 
Self-Consistent Electrodynamics. 0. 
Buneman. Proc. Cambridge Philos. Soc., 
Jan., 1954, p. 77. 22 refs. Fundamental 
| principles, with the idea of direct action 
: between streams applied to a continuous 
- charged fluid and combined with the new 
a | formulation of the electrodynamical laws These represent only a few of our standard and spe- 
er ee in terms of conservation of cir- cial bolts and fasteners for all industries. We special- 
A Simplified Calculation for Dolph- ize in larger diameters, longer lengths, and special 
saci | Tchebycheff Arrays. -G. J. van der Maas. fastener items. Service available on smaller quantities 
P . t J. Appl. Phys., Jan., 1954, p. 121. and short term deliveries. Weekly delivery advice on 
ae “aaa Recent re Elec- | : open orders. Our technical staff is prepared to work 
ic Engineering. Electronic Eng., Jan., | 
1954, p Write ‘ with your design engineers on your most difficult 
wu § survey, including data on telemetering in Today bad fastener problems. 
e 


} guided missiles research, radar, meteoro- | e 
‘logical, and other applications. 


| Descriptive AIRCRAFT BOLT CORPORATION 

Crystals log-:- 701 WEST GARVEY BLVD 

a Suppression of Overtones of Thickness- | Cata EL MONTE, CALIFORNIA a 
and Flexural Vibrations of Crystal | ABE 
| Plates. R. D. Mindlin and H. Deresie- | 
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Thickness-Shear and Flexural Vibra- 
tions of Contoured Crystal Plates. R. D. 
Mindlin and M. Forray. J. Appl. Phys., 
Jan., 1954, p. 12. 

Thickness-Shear Vibrations of Piezo- 
electric Crystal Plates with Incomplete 
Electrodes. R.D. Mindlin and H. Dere- 
siewiez. J. Appl. Phys., Jan., 1954, p. 21. 


Dielectrics 


Building and Using Dielectric Ampli- 
fiers. Abraham Silverstein. Electronics, 
Feb., 1954, p. 150. Use of nonlinear 
barium-strontium-titanate capacitors for 
power gain up to 10,000 per stage in an 
NBS-developed cascaded two-stage di- 
electric voltage and power amplifier. 

Dielectric Properties of Snow. Daisuke 
Kuroiwa. Japan Sci. Rev., Sept., 1952, 
p. 381. 

Research Progress in Dielectrics —1953. 
Alex. E. Javitz. Elec. Mfg., Jan., 1954, p. 
88. Analysis of electrical degradation and 
breakdown, high-temperature problems, 
and ferroelectric application; proposals for 
functional temperature classifications. 


Electronic Controls 


Boolean Algebra in Electronic Circuit 
Design. S. H. Washburn. Elec. Eng., 
Feb., 1954, p. 164. Abridged. Applica- 
tions include design of memory capacity 
and storage control circuits. 

Reference-Voltage Circuits For Auto- 
matic Controls. A. A. Kiriloff. Elec. 
Mfg., Jan., 1954, p. 97. Design factors in 
terms of electronic and magnetic circuit 
sources. 

Step to Frequency Response Transforms 
for Linear Servo Systems. I. L. C. Lud- 
brook. Electronic Eng., Jan., 1954, p. 27. 
10 refs. Theoretical and 
analysis. 


experimental 


Electronic Tubes 


Beeinflussung der Charakteristik einer 
Cs-SB-Photokathode durch Zusatz frem- 
der Elemente. Norbert Schaetti. ZA- 
MP, Nov. 15, 1953, p. 450. In German. 
Investigation on the characteristics of the 
dark current of Cs-SB-photocathodes. 

Field Emission Current-Density Dis- 
tribution. W. P. Dyke, J. K. Trolan, W. 
W. Dolan, and F. J. Grundhauser. J. 
Appl. Phys., Jan., 1954, p. 106. 28 refs. 
USAF-ONR-sponsored experimental re- 
search, with a pattern analysis. 

Space Charge Waves in Inhomogeneous 
Electron Beams. Gordon Kent. J. 
Appl. Phys., Jan., 1954, p. 32. Theoret- 
ical evaluation of wave propagation con- 
stants, such as applied to velocity-mod- 
ulated tubes, including analysis of the 
problem of adjacent neutralized beams. 

Valve Reliability in Digital Calculating 
Machines. L. Knight. Electronic Eng., 
Jan., 1954, p. 9. 11 refs. With general 
electronic applications, evaluation of con- 
ditions to minimize tube failures and de- 
terioration; preventive maintenance, test- 
ing, and other factors. 


Magnetic Devices 


Analysis of Measured Magnetization 
and Pull Characteristics. R. L. Peek, 
Jr. Bell System Tech. J., Jan., 1954, p. 79. 


AERONAUTICAL 


ENGINEERING REVIEW 


Estimation and Control of the Operate 
Time of Relays. I-—Theory. R. L. 
Peek, Jr. II—Design of Optimum Wind- 
ings. M. A. Logan. Bell System Tech 
J., Jan., 1954, pp 144. 12 refs 
Derivation of the dynamic equations of 
electromagnetic principles; application to 
automatic control systems and computers 

Magnetic Recording for Vehicular Re- 
search. G. K. Guttwein and J. M. Leslie, 
Jr. Electronics, Feb., 1954, p. 154. De- 
sign details of system featuring six crystal 
pickup or bridge-type accelerometer chan 
nels plus voice and timing channels re 
cording simultaneously on half-inch mag 
netic tape; applications include study of 
flight of guided missiles 

A Method of Measuring Magnetostric- 
tion. A. W. Cochardt. J. Appl. Phys., 
Jan., 1954, p.91. 18 refs. Westinghouse 
torsion tests on wires of various ferromag- 
netic materials. 

Nondestructive Sensing of Magnetic 


109, 


Cores. D. A. Buck and W. I. Frank 
Elec. Eng., Feb., 1954, p. 110. Abridged 


For use in digital computers and informa- 
tion-handling devices 

On Reciprocity Theorems in Electro- 
magnetic Theory. T. H. Crowley. J 
Appl. Phys., Jan., 1954, p. 119. USAF 
sponsored theoretical investigation at the 
Antenna Lab., The Ohio State University 

Radio-Frequency Permeameter. 
Peter H. Haas. (KX Paper 2454.) 
U.S., NBS J. Res., Nov., 1953, p. 221 
For measuring the permeability and losses 
in ferromagnetic toroidal cores. 

Selection of Permanent Magnet Ma- 


terials. Charles A. Maynard. Ele: 
Mfg., Jan., 1954, p. 114 l6 refs. Analy 
sis of magnetic characteristics; design 


factors; fabrication methods; 
tions. 

Some Magnetostriction Relations in 
Materials Possessing Preferred Domain 
Orientations. George T. Rado. J. Appl 
Phys., Jan., 1954, p. 102. NOL experi 
mental studies; applications. 


applica- 


Measurements & Testing 


Maintenance and Servicing of Elec- 
tronic Instruments. Jay Dobrin. Jnstru 
ments & Automation, Jan., 1954, p. 122. 

Messung des Hall-Effekts in Zylindern 
ohne dusseres Magnetfeld. Georg Busch 
and Rudolf Jaggi. ZAMZ/P, Nov. 15, 
1953, p. 425. In German. A simplified 
method for measuring the direct and al 
ternating current Hall-voltages 
through a cylindrical conductor. 

Relay Measuring Equipment. H. N 
Wagar. Bell System Tech. J., Jan., 1954, 
p. 3. Instrumentation for evaluative 
analysis of force, flux, displacement, time, 
or their combination 


flowing 


Networks 


Analysis of Network Response to Peri- 
odic Waves. Philip M.Seal. J. Franklin 
Inst., Jan., 1954, p. 13 

Frequency Response in Four-Terminal 
Networks. Robert L Konigsberg. 
Electronics, Feb., 1954, p. 220. Analysis 
of methods to measure the amplitude-fre- 
quency response 


Voltage-Reference Node; Its Trans- 
formations in Nodal Analysis. Jacob 
Shekel. Wireless Engr., Jan., 1954, p. 6. 


APKIL T1954 

A general method of linear network 

analysis. 

Oscillators & Signal Generators 
Electronic Oscillators. I. Eng. Dept., 


Aerovox Corp. Aerovox Res. Worker, 
Dec., 1953-Jan., 1954. Spp. Review of 
fundamental principles, design factors, and 
applications 

High Voltage Sawtooth and Rectangular 
Wave Pulse Generator. W. D. Edwards 
Electronic Eng., Jan., 1954, p. 36. Design 
and circuit details; applications include use 
in research on dielectric properties 

Oscillator Characteristic Equation; 
Theory and Experimental Verification. 
V. L. Talekar. Wireless Engr., Jan., 
1954, p. 3 


Semiconductors 


Ein Gerat zur graphischen Bestimmung 
der Fermi-Grenzenergie in Halbleitern. 
Emanuel Mooser. ZAMP, Nov 15, 
1953, p. 483. In German. A computer 
permitting the Fermi-energy in a semicon 
ductor to be calculated as a function of 
temperature and of the quantities char- 
acterizing the band structure. 

Gain-Stabilized Transistor Amplifier. 
Charles A. Krause. Electronics, Feb., 
1954, p. 183. Use of unby-passed emitter 
resistor to obtain a predictable, stable gain 
and a wide range of input impedances; 
circuit applications include instrumenta- 
tion equipment. 

Some Problems in the Diffusion of 
Minority Carriers in a Semiconductor. 
S. Visvanathan and J. F. Battey. J 
Appl. Phys., Jan., 1954, p. 99. 


Wave Propagation 


The Analysis of Ionospheric Records 
(Ordinary Ray). I. D.H.Shinn. J. 
Atmospheric & Terrestrial Phys., Dec., 
1953, p. 240. 13 refs. Determination of 
the distribution of electron density as a 
function of height. 

Bailey's Theory of Sunspot Noise. J 
W. Dungey. J. Atmospheric & Terrestrial 
Phys., Dec., 1953, p. 148. 10 refs. In 
vestigation of wave amplification, with a 
direct calculation of the rate of exchange 
of energy between the motion of the elec 
trons and the wave. 

Determination of the Location of the 
Ionospheric Current System Responsible 
for Geomagnetic Effects of Solar Flares. 
A. P. Mitra and R. E. Jones. J. Atmos 
pheric & Terrestrial Phys., Dec., 1953, 
p. 141. 23 refs. USAF-sponsored research 
at The Pennsylvania State College. 

The Equations for a Problem Arising in 
Dungey’s Investigation of Bailey’s Theory 
of Sunspot Noise. R. E. Loughhead 
J. Atmospheric & Terrestrial Phys., Dec., 
1953, p. 163. 

The Ha Radiation from Solar Flares in 
Relation to Sudden Enhancements of 
Atmospherics on Frequencies Near 27 
Ke/s. M.A. Ellison. J. Atmospheric & 
Terrestrial Phys., Dec., 1958, p. 226. 18 
refs 

The Measurement of Ionospheric Ab- 
sorption Using Observations of 18-3 Mc/s 
Cosmic Radio Noise. A. P. Mitra and 
C. A. Shain. J. Atmospheric & Terrestrial 
Phys., Dec., 1953, p. 204. 18 refs. A 
new technique for simple and accurate 
measurements of the total attenuation ol 
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radio waves passing completely through 
the ionosphere; results of an extensive 
investigation in Australia’s CSIRO Div. 
of Radiophysics 

On a Property of a Family of Equian- 
gular Spirals and its Application to Some 
Problems of Wave Propagation. K. 
Landecker. J. Appl. Phys., Jan., 1954, p. 
4] 

Semidiurnal Currents and Electron 
Drifts in the Ionosphere. J. A. Fejer. J. 
Atmospheric & Terrestrial Phys., Dec., 
1953, p. 184. 26 refs. Investigation into 
the fundamental principles of the problem 
of ionospheric conductivity; numerical 
method to solve the differential equations 
of the dynamo theory. 

The Troposphere as a Medium for the 
Propagation of Radio Waves. I. 
H. Bremmer. Philips Tech. Rev., Nov., 
1953, p. 148. 18 refs. Review of theoret- 
ical and experimental research on char- 
acteristic wave mechanisms. 


Equipment 


Multiple-Jet White-Smoke Generators. 
C. Salter. Gt. Brit, ARC R&M 2657 
Mar., 1950), 1953. 18 pp. BIS, New 
York. $1.25. Descriptive design details. 


Hydraulic & Pneumatic 


Fluid Power Circuits. Paul Rolnick. 
Appl. Hydraulics, Jan., 1954, p. 33. In- 
cludes details of: component symbols; 
filter installations; pump unloading and 
sequencing methods; reservoir design; 
iccumulator, servo, and rotary fluid motor 
ipplications; and _ pressure-regulating, 
speed-control, booster and_ intensifier, 
combination air-oil, motion-synchronizing, 
electrically-controlled, pilot-operated, and 
hydraulic-locking circuits. 

4th Annual Applied Hydraulics Direc- 
tory and Buyers’ Guide, 1954. I 
Manufacturers Directory. II —Industrial 
Products Directory. III-—-Aviation Prod- 
ucts. IV —-English Manufacturers. 4 pp). 
Hydraulics, Jan., 1954, pp. 67, 182, 234, 
254 

Hydraulic Accumulators. III —Separa- 
tor Designs. Edward M. Greer. Mach. 
Des., Jan., 1954, p. 182. Evaluation of 
types according to characteristics; ap 
plications. 


Flight Operating Problems 


Stop-Distance in Landing. William A. 
Dixon. Skyways, Feb., 1954, p. 18. Opti 
mum landing technique, with charts and 
tables 


Fuels & Lubricants 


Erosive Burning of Some Composite 
Solid Propellants. Leon Green, Jr. Jet 
Propulsion, Jan.-Feb., 1954, p. 9. 14 
refs 

The Mechanism of Combustion of Solid 
Propellants. Richard D.  Geckler 
VATO AGARD Colloquium, Cambridge, 
England, Dec. 7-11, 1953, Preprint. 51 
pp. 52 refs. USAF-supported research 
it the Aerojet-General Corp. 

The Oxidation, Decomposition, Ignition, 
and Detonation of Fuel Vapors and Gases. 
XXII -The Characteristics of the Ignition 
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CTRIC 


CANNON 


RECEPTACLES 


Socket Contacts 


AERONAUTICAL ENGINEERING 


bulkhead 


less trouble 


TBF—Pin Insert End 


positive protection and convenience 


The Cannon units shown here permit you to handle 
aircraft pressure- problem bulkhead connections with 
single pre-assembled units...connections to bulkhead 
mounted apparatus, or connections through bulkhead. 
And, you don’t have to assemble separate parts. You 
get them complete, with less parts, easy to install, easy 
mating, easy to maintain. 


with “Double-Faced” inserts... 
pins one side... sockets other side 


The TBF... Pin and socket contact construction. Seven shell sizes. 
Seventeen pressurized, resilient ‘‘AN’’ inserts. TBF also available in her- 
metically sealed types. Cable components may be bench wired, tested 
in the shop, merely plugged in to complete the job. Special sealing ring 
prevents bulkhead mounting leakage. 


(4 : with “Single-Faced” pin inserts 
The BFP... Withstands differential pressure of one at- 
mosphere. Pressurized ‘‘AN’’ inserts of plastic material. 


12 shell sizes. 15 inserts. 
Bulkhead The BFR ... Resilient material inserts. 12 shell sizes. 
Receptacle 15 inserts. 


and the ALL-NEW TBF-K with 
“Double-Faced” pin inserts 


The Cannon TBF-K is all new... and an- 
other Cannon FIRST! Pin inserts in both 
sides. Quick disconnect. Single piece shell. 5 standard Cannon **K’’ in- 
serts. Adaptable to aircraft bulkheads and other commercial uses 


Front view Rear view 


Write for Cannon Electric Bulletins 
Cannon Electric Company, 3209 Humboldt Street, 


Angeles 31, California. Factories in Los Angeles; 


tives in all principal cities. 


Refer to Dept. 105 


Since 1915 


fewer parts... 
Save wiring.. 
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Los 
New 
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and Combustion of Benzene in a Car- 
buretor Engine as Affected by Heat Load. 
R. O. King and A. B. Allan. Can. J 
Tech., Jan., 1954, p. 22. Experimental 
investigation at the University of Toronto 


Lubricants & Lubrication 


The Effect of Lubrication on Fretting 
Corrosion. E. M. Johnson. SAE An 
nual Meeting, Detroit, Jan. 11-15, 1954, 
Preprint 219. 14pp. 16refs. 

Friction Facts, Fortes and Foibles. 
Clyde S. Batchelor and Edward L. Carey 
SAE Annual Meeting, Detroit, Jan. 11-15, 
1954, Preprint 222. 20 pp. Analysis of 
characteristics of friction material operat- 
ing in oil, with basic design data; appli- 
cations. 

An Investigation of Fretting Corrosion. 
K. H. R. Wright. IME General Meeting, 
London, Feb. 20,1953, Paper. 10 pp. 18 
refs. Experiments to obtain quantitative 
measurements of the degree and type of 
surface damage occurring between two 
closely fitting surfaces subject to slight 
vibrational movement. 

Lubricants of Reduced Flammability. 
Charles E. Frank, Donald E. Swarts, and 
Kenneth T. Mecklenborg. U.S., NACA 
TN 3117, Jan., 1954. 24 pp. Investiga- 
tion of spontaneous ignition of lubricants 
at the University of Cincinnati. 

Review of Fretting Corrosion Theory. 
F. W. Fink. SAE Annual Meeting, 
Detroit, Jan. 11-15, 1954, Preprint 218 
10 pp 


23 refs. 


Ice Formation & Prevention 


Kinetic Temperature of Wet Surfaces; 
A Method of Calculating the Amount of 
Alcohol Required to Prevent Ice, and the 
Derivation of the Psychrometric Equation. 
J. K. Hardy. Gt. Brit., ARC R&M 2830 
(Sept., 1945), 1953. 18 pp. BIS, New 
York. $1.00. 


Instruments 


Aircraft Instrument Boom Design. ] 
D. Humphreys. Aero Dig., Jan., 1954, p 
25. Design principles for accurate ait 
speed measurement. 

An Electromagnetic Method of Meas- 
urement of Density or Specific Gravity of 
Liquids. K. R. Honick. J. Sci. Jnstr., 
Jan., 1954, p. 1. Design details of an 
RAE-developed device, utilizing remote 
indication by a moving coil meter or pen 
chart recorder, for measuring 
gravity of aircraft fuels in ground storage 
tanks and refuellers. 

Liquid Manometers with High Sensi- 
tivity and Small Time-lag. IF. A. Mac- 
Millan. J. Sci. Instr., Jan., 1954, p. 17 
Principles of design to measure small 
pressure differences when used with a 
small Pitot tube and a static hole for de 
termining the velocity distribution in a 
boundary layer. 

Pneumatic Gauging Applied to the 
Measurement of the Bore of Tube. R 
Chittleburgh, E. F. Powell, and G. F 
Morton. J. Sci. Instr., Jan., 1954, p. 20 
Based on pressure principles, for use as a 
limit-indicating device and for the record- 
ing and measuring of bore sizes. 
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A High-speed Precision Tachometer. 
W.R. Bland and B. J. Cooper. Electronic 
Eng., Jan., 1954, p. 2. Design details and 
development, based on use of cold-cathode 
tubes, for the investigation of vibration 
problems on rotating machines, by accu- 
rate measurement of angular velocity. 

A Vibrating Needle Electrometer. Y. 
L. Yousef and R. Kamel. J. Sci. Instr., 
Jan., 1954, p. 18. Development of a 
dynamic type mechanical electrometer 
incorporating a simple electronic circuit 
and employing a reed rather than a deli- 
cate suspended system. 


Automatic Control 


Analysis of Nonlinear Servos by Phase- 
Plane-Delta Method. Robert N. Buland. 
J. Franklin Inst., Jan., 1954, p. 37. The 
Jacobson formulation generalizing the 
Lienard method with modifications by E. 
Q. Smith at the USN Air Missile Test 
Center, Point Mugu, Calif. 

Designing with Metal Bellows. J. H. 
Howard. Mach. Des., Jan., 1954, p. 137. 
Applications include control and regulating 
devices in thermal, pressure, and other 
systems. 

An Electro-Hydraulic Powered Flying 
Control System with Automatic Safe- 
guards and Variable Control Characteris- 
tics. C.D. Watson. Gt. Brit. RAE TN 
Mech. Eng. 77, Mar., 1953. 17 pp. De- 
sign and installation details. 

Formulation of ‘‘Stability Equations”’ 
and Derivation of New Constructions 
with Complete Systems of Design-for- 
mulae for Variable-speed Control Mecha- 
nisms. M. S. Frenkel. IME Proc.(A), 
No. 8, 1958, p. 319; Communications, p. 
331; Author's reply, p. 383. 13 refs. 
Application to three- and four-dimensional 
stability and other problems. 


Machine Elements 
Designing for Shrink Fits. J.H. Faupel. 


Mach. Des., Jan., 1954, p. 114. Review 
of equations for calculating principal 
stresses and shrinkage allowances, in 


terms of optimum geometry, for maximum 
performance with minimum weight of 
material. 

Kinematic Analysis. 
and Berthold Pollick. Mach. Des., Jan., 
1954, p. 158. Development of a method 
for the general formulation of the kine- 
matics of any machine in the form of use- 
ful relationships between the absolute and 
relative motions, as applied to oscillating 
beams, crank and connecting rods, and 
four bar linkages. 

Stresses and Deflections in Planetary 
Ring Gears. Joseph Marin and Robert 
H. Shenk. SAE Annual Meeting, De- 
troit, Jan. 11-15, 1954, Preprint T22. 13 
pp. Analysis includes a general solution to 
the problem of a ring subjected to radial 
and tangential forces and couples acting 
at various points on the circumference of 
the ring. 


Joseph Kaplan 


Materials 


Annual Materials Engineering Review 
and Forecast. (Materials & Methods 
Manual No. 101.) T. C. DuMond. 
Materials & Methods, Jan., 1954, p. 111. 


AERONAUTICAL REVIEWS 


Developmental appraisal of irons and 
steels, nonferrous metals, nonmetallic 
materials, parts and forms, and finishes 
and coatings. 


Corrosion & Protective Coatings 


Some Practical ‘‘Rules’’ for Factory 
Testing of Protective Coatings. D. S. 
Gaarder. Organic Finishing, Jan., 1954, 
p. 6. 

Stress Corrosion of 12% Cr Stainless 
Steel. W. L. Badger. SAE Annual 
Meeting, Detroit, Jan. 11-15, 1954, Pre- 
print 221. 7pp. 

Synthetic Rubber Protects the Navy's 
Propeller Shafts. E. A. Bukzin ech. 
Eng., Jan, 1954, p 17. USN anti-cor- 
rosion experience. 


Metals & Alloys 


A Dictionary of Metallurgy. XXI—Ir- 
Jo. XXII—Jo-Ki. XXIII—Ki-La. A.D. 
Merriman and J. S. Bowden. Vetal 
Treatment, Oct., Dec., 1953, Jan., 1954, 
pp. 447, 604, 29. 

Effects of Band Shape on the Magnetic 
and Thermal Properties of Metals and 
Alloys. E. W. Elcock, P. Rhodes, and A. 
Teviotdale. Proc. Royal Soc. (London), 
Ser. A, Jan. 7, 1954, p. 53. 19 refs. 

Effects of Residual Stress on Fatigue 


Life of Metals. R. L. Mattson. SAE 
Annual Meeting, Detroit, Jan. 11-15, 
1954, Preprint 220. 15 pp. 10 refs. 


Nuclear Radiation Effects on Aircraft 
Materials. Marx D. Moller. Av. Age, 
Jan., 1954, p. 20. Analysis of the problem 
of protection against induced radiation in 
a hypothetical aircraft installation of a 
nuclear reactor power plant, with «mpha- 
sis of the effects on the metals and alloys 
used. 

Thermal Diffusivity of Metals at High 
Temperatures. P. H. Sidles and G. C. 
Danielson. J. Appl. Phys., Jan., 1954, p. 
58. 19 refs. 

These Curves Show Strength of New 
Heat Resistant Alloy. M. N. Ornitz and 
R. H. English. Materials & Methods, 
Jan., 1954, p. 82. Mechanical and ther- 
mal properties of a nickel-chromium-iron 
alloy for use at temperatures up to 2,200° 
F.; applications. 

Where to Use Tantalum. Tom M. 
Gayle. Materials & Methods, Jan., 1954, 
p. 94. Corrosion-resistant, machining, 
and other properties; applications. 


Metals & Alloys, Ferrous 


The Effect of Static and Dynamic Load- 
ing and Temperature on the Yield Stress 
of Iron and Mild Steel in Compression. 
J. M. Krafft, A. M. Sullivan, and C. F. 
Tipper. Proc. Royal Soc. (London), Ser. 
A, Jan. 7, 1954, p. 114. NRL experi- 
mental investigation. 

Fatigue Strength of Carbon Steel Bars 
with Round-Crack. Tadasi Isabasi and 
Tsunemi Uryu. Ayushu U., Japan, Rep. 
Res. Inst. Appl. Mech., June, 1953, p. 65. 

On the Essential Nature of the ‘‘Flexion 
Cracks’’ (Or Generally So-called ‘‘Hair 
Seams’’) in Steel, and Their Developing 
Factors, Which Are Observed in the Prod- 
ucts by Forging, Rolling, Reducing, or 
Drawing, etc. Tokusaburo Takashima. 
Japan Sci. Rev., Sept., 1952, p. 437. 

Permanent Magnet Steels and Alloys. 
D. Hadfield. Metal Treatment, Jan., 


11] 
1954, p. 15. 18 refs. Properties; de- 
velopmental and production processes; 


applications and potentialities. 

The Plastic Fatigue Strength of Pres- 
sure Vessel Steels. J. H. Gross, D. E. 
Gucer, R. D. Stout. Welding J. Res. 
Suppl., Jan., 1954, p. 31-s. Comparative 
analysis of properties, covering strain 
behavior, surface preparation, testing 
temperatures, and welding and heat treat- 
ments. 

Properties of Cast Stainless Steels. 
(Materials Engineering File Facts No. 
2669.) N.S. Mott. Materials & Methods, 
Jan., 1954, p. 129. Includes listing of 
special conditions of service and applica- 
tions. 


Nonmetallic Materials 


Adhesives in Aircraft. William J. 
Clayton and Roger K. Humke. Av. Age, 
Jan., 1954, p. 50. Evaluative survey of 
different types, indicating application ad- 
vantages and limitations. 

The Effect of Temperature on the Air 
Aging of Rubber Vulcanizates. A. E. 
Juve and M. G. Schoch, Jr., ASTM Bul., 
Jan., 1954, p. 54. 10 refs. 

Some Physical Properties of a Number 
of Proposed Constructions of Materials for 
Nonmetallic Crash-Resistant Aircraft Fuel 
Tanks. Richard N. Motsinger, Melvin 
F. Miller, and Robert J. Schroers. U.S., 
CAA TDR 220, Dec., 1953. 25 pp. 
Evaluative analysis of test data on 
strength, elongation, and energy-absorb- 
ing properties of 32 materials, including 
rubber, rubber-impregnated nylon, and 
cotton fabrics. 

Structural Plastics for Advanced Types 
of Aircraft. Domonick Rosato. (Paper, 
ASME Annual Meeting, 1953.) Auto. 
Ind., Jan. 15, 1954, p. 48. Abridged. 
Thermal, stress, and fatigue analysis of 
mechanical and other properties of various 
reinforced laminates. 

Thermal Degradation of Tetrafluoro- 
ethylene and Hydrofluoroethylene Poly- 
mers in a Vacuum. S. L. Madorsky, V. 


E. Hart, S. Straus, and V. A. Sedlak. 
(Res. Paper 2461.) U.S., NBS J. Res., 
Dec., 1958, p. 327. 14 refs. Army 


Ordnance Corps-sponsored NBS investi- 
gation on high-temperature-resistant poly- 
mers. 


Testing 


Fatigue Tests at Stresses Producing 
Failure in 2 To 10,000 Cycles; 24S-T3 and 
75S-T6 Aluminum-Alloy Sheet Specimens 
with a Theoretical Stress-Concentration 
Factor of 4.0 Subjected to Completely 
Reversed Axial Load. Herbert F. Hard- 
rath and Walter Illg. U.S., NACA TN 
3132, Jan., 1954. 14 pp. 

Four Studies in the Theory of Stress 
Concentration. I—The Effect of Holes on 
the Strength of Materials under Complex 
Stress Systems. II—Stress Concentra- 
tion due to Holes and Grooves other than 
Elliptical in Form. III—The Effect of 
Surface Irregularities on Fatigue Strength. 
IV—Stress Concentration in Twisted 
Shafts. H.L.Cox. Gt. Brit., ARC R@M 
2704 (Jan., 1950), 1958. 58 pp. BIS, 
New York. $4.50. 

A New Impact Machine for Plastics and 
Insulating Materials. Robert Burns. 
ASTM Bul., Jan., 1954, p. 61. 18 refs. 
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Design features and representative data of 
a machine utilizing the principle that if a 
test specimen is in motion it will contain 
the kinetic energy to toss itself and that 
such energy will not appear as an error in 
the impact strength reading. 


Spectrophotometric Determination of 
Iron in Vanadium, Chromium, Manganese, 
Nickel, and Zinc; 1,10-Phenanthroline 
Rate Phenomena. |). W. Margerum and 


Charles V. Banks. Anal. Chem., Jan., 
1954, p. 200. 17 refs. 


Surface Brightness of Sheet Aluminium ; 
Survey and Appraisal of Various Tech- 
niques. J.F.G.Hérenguel. Metal Treat- 
ment, Jan., 1954, p. 25. Review of meth- 
ods to evaluate surface quality. 


THREE GREAT NAMES IN AVIATION 


Mathematics 


The Calculation of Transients in Dynam- 
ical Systems. E. E. Ward. Proc. 
Cambridge Philos. Soc., Jan., 1954, p. 49 
Analysis of the problem of predicting the 
motion of some element of a dynamical 
system during the time interval following 
a sudden disturbance by the use of Tri- 
comi’s method of Laguerre functions, as a 
practical alternative to the use of partial 
fractions. 

A New Method of Analyzing Extreme- 
Value Data. Julius Lieblein. U-.S., 
NACA TN 3053, Jan., 1954. 88 pp. 21 
refs. NBS development of the method; 
applications include analyses of gust loads 
of an airplane in flight, breaking strengths 
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of materials, and breakdown 
of capacitors. 

On Inverting Laplace Transforms of the 
Form h(s)/(p(s) + (s)e~"5). T. E 
Hull and W. A. Wolfe. Can. J. Phys., 
Jan., 1954, p. 72. Applicable to the anal 
ysis of counters, heat transfer, and other 
theoretical problems. 

On Mildly Nonlinear Partial Difference 
Equations of Elliptic Type. Lipman Bers 
(Res. Paper 2455.) U.S., NBS J. Res., 
Nov., 19538, p. 229. ONR-sponsored 
study. 

On the Accuracy of the Numerical 
Solution of the Dirichlet Problem by 
Finite Differences. J. L. Walsh and 
David Young. (Res. Paper 2463.) U.S, 
NBS J. Res., Dec., 19538, p. 348. 
Army-ONR-sponsored research. 

On the Summation of Infinite Series in 
Closed Form. Albert D. Wheelon. J 
A ppl. Phys., Jan., 1954, p. 113. 16 refs 


volt ige 


15 refs 


Meteorology 


The Accuracy of Route Wind Forecasts 
for Aviation. C. S. Durst. J. 
Navigation, Jan., 1954, p. 28; discussion, 
p. 48. Navigational experience with 
London-Rome air routes. 

The Cause and Forecasting of Ice Fogs. 
H. Appleman. Bul. AMS, Nov., 1958, 
p. 397. 

Measurements of Winds in the Upper 
Atmosphere by Means of Drifting Meteor 
Trails. I. D. S. Robertson, D. T 
Liddy, and W. G. Elford. II. W.G. El 
ford and D. §S. Robertson. J. Atmos 
pheric & Terrestrial Phys., Dec., 1958, pp 
255, 271. 12 refs. Experimental analy 
sis of a continuously recording doppler 
radar system operating on a frequency of 
27 me. 

Note on Observed Vertical Wind Shear 
at Low Levels Over the Ocean. Donald 
R. Jones. Bul. AMS, Nov., 1953, p. 393 
NavBuAer Project AROWA, USNB, 
Norfolk, Va. 

Recent Advances in the Study of Iono- 
spheric Winds. Laurence A. Manning 
Bul. AMS, Nov., 1953, p. 401. Review 
of the Mitra fading technique and of the 
meteoric method of wind measurement 

Terminology and Nature of Atmospheric 


Shells. Gordon W. Wares. Jet Pro 
pulsion, Jan.-Feb., 1954, p. 38. (Also see 
Western Av., Jan., 1954, p. 6.) USAF in 


vestigations at the Cambridge Research 
Center 


Military Aviation 


Reflections on the Cheap Fighter. 
Roy Fedden. The Aeroplane, Jan. &, 
1954, p. 40. Review of cost and design 
factors of trends for functional military 


aircraft 


Missiles 


Guided Missiles at Wallops. 
A. Shortal. Aero Dig., Jan., 1954, p. 38 
The NACA Langley Lab. investigations at 
the Pilotless Aircraft Research Station 
using rocket-propelled test models. 
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Noise Reduction 


The Noise From Aircraft. A. G. 
Walters. J. RAeS, Jan., 1954, p. 68. 
Derivation of a general expression, based 
on linear theory, for the potential of sound 
or aerodynamic disturbance from a source 
moving with variable vector velocity. 

A Survey of Experiments on Jet Noise; 
A Study of the Mechanism of Noise Pro- 
duction of Jet Engines, with Brief Notes on 
its Reduction. Alan Powell. Aircraft 
Eng., Jan., 1954, p. 2. 


Ordnance & Armament 


A Discussion of the Operation and 


Maintenance Problems of Complex 
Weapons. Ralph F. Baxter. Am. Ord. 
Assn. Paper, Dec. 2, 1953. 11 pp. 


Photography 


A Magnetic Fluid Clutch Streak Cam- 
era. I. J. Taylor. Photographic Eng., 
No. 4, 1958, p. 206. Application to the 
problem of explosion analysis and of shock 
wave measurements; design details. 

Multiexposure Flash for High-Speed 
Cameras. L. D. Findley, E. S. Kennedy, 
ind J. H. Van Horn. Electronics, Feb., 
1954, p. 180. Use of hydrogen thyratrons 
triggered by ring counter; applicable to 
Schlieren and shadowgraph studies. 

A Photographic Method for Determining 
Vertical Velocities of Aircraft Immediately 
Prior to Landing. Emanuel Rind. U.S., 
VACA TN 3050, Jan., 1954. 23 pp. 
Principles and design of instrumentation. 

Photographic Motion Analysis. John 
H. Waddell and Jennie W. Waddell. 
Ind. Sci. & Eng., Jan., 1954, p. 5. Appli 
cations include study of missile flights. 

A Tube Light-Source for Interferometry. 
\. E. Bergdolt and D. D. Shear. Photo 
graphic Eng., No. 4, 1958, p. 240. Ex 
perimental evaluation of the B-H6 tube 
as a flash source applied to high-speed in- 
terferometric studies of gas flows about 
projectiles in free flight. 


Physics 


Brightness Waves and Transitory Phe- 
nomena in the Quenching of Luminescence 
by Alternating Electric Fields. G. De- 
striau. J. Appl. Phys., Jan., 1954, p. 67. 

The Brownian Movement of Linear and 
Non-Linear Systems. D. K. C. Mac- 
Donald. Philos. Mag. (7th Ser.), Jan., 
1954, p. 68. Applications include the use 
of electrical ‘‘noise’’ as an absolute ther- 
mometer at high temperatures. 

The Effect of Inelastic Collisions on the 
Slowing-Down Length of Neutrons in a 
Hydrogenous Mixture. Howard C. Vol- 
kin. J. Appl. Phys., Jan., 1954, p. 83. 
Theoretical and experimental investiga- 
tion at the NACA Lewis Flight Propulsion 
Lab., Cleveland, Ohio. 

Note on the Theory of Brownian Motion 
in Non-Linear Systems. D. Polder. 
Philos. Mag. (7th Ser.), Jan., 1954, p. 69. 

The Quantization of Sound Waves. 
I—General Theory. O. Penrose. Philos. 
Mag. (7th Ser.), Jan., 1954, p. 80. 
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THIS BOOK DOESN'T 


... but it’s full 
of ideas 
you can use 


ON 
ELECTRONICS pivis' 


2, 


cu 


UCCESSFUL developments in the electronics field de- 
pend mainly on three things: ideas . . . experience . . 
facilities. This book is full of all three. 


Just a short request on your letterhead . . . or the coupon 
below . . . will bring this valuable book in the mail to 
you at once. 


Thompson Products, Inc. 


ELECTRONICS DIVISION e 2196 CLARKWOOD ROAD, CLEVELAND 3, OHIO 


Thompson Products, Inc. 

Dept. AE, Electronics Division 

2196 Clarkwood Road, Cleveland 3, Ohio 

Please send me a copy of Electronic Advancement. 


Name. arate 


~ 
Company. a. — 
Address. 
at 
City. Zone State 


-APRIL 1954 


Power Plants 


The Theory of Sudden Enlargements 
Applied to the Poppet Exhaust-valve, with 
Special Reference to Exhaust-pulse Sca- 
venging. Boris N. Cole and Brian Mills 
IME Proc. (B), No. 8, 1952-1953, p. 364: 
Communications, p. 377. 15 refs. 

Wave Action Following the Sudden Re- 
lease of Air Through an Engine Port 
System. F. J. Wallace and R. W. Stuart 
Mitchell. JAE Proc.(B), No. 8, 1952-58, 
p. 348; Communications, p. 356. 23 refs 
Results of investigation applicable to any 
exhaust system. 


Jet & Turbine 


Air Cooling Methods for Gas Turbine 
Combustion Systems. F. J. Bayley. Gt 
Brit., ARC CP 133 (Aug., 1951), 1953 
44 pp. 12 refs. BIS, New York. $2.25 

Gas Turbine Engine Operations. A.H 
Harvey-Bailey. (Lecture, RAeS Austral- 
ian Div., Sydney, 1953.) Aircraft (Aus 
tralia), Dec., 1953, p. 38. General opera 
tional and maintenance experience at the 
Rolls-Royce Co. 

A Pilot's Viewpoint of Turbojet (Engine 
Control Requirements. Robert E. La 
Croix. SAE Annual Meeting, Detroit, 
Jan. 11-15, 1954, Preprint 231. 14 pp 

The Problem of Combustion at High 
Altitude. Peter Lloyd and Brian P 
Mullins. NATO AGARD Colloquium, 
Cambridge, England, Dec. 7-11, 1953, Pre 
print. 20 pp. 19 refs. Relighting and 
other problems of gas turbine combustion 
chambers and jet-pipe reheat systems at 
altitudes up to 65,000 ft., with an analysis 
of the effects on component processes 

The Problem of Fuel-oil Ash Deposition 
in Open-cycle Gas Turbines. A. 1 
Bowden, P. Draper, and H. Rowling 
IME Proc. (A), No. 3, 19538, p. 291; Dis 
cussion, p. 8300; Communications, p. 305 
24 refs. Theoretical and experimental 
analysis of some basic problems. 

The Performance of Some Typical 
Turbo-Jet Engine Exhaust Systems, with 
Particular Reference to the Effects of 
Swirl. P.F. Ashwood and P. J. Fletcher 
Gt. Brit., ARC CP 130 (Dec., 1951), 1958 
27 pp. BIS, New York. $1.15. 

Simulated Altitude Tests of Large Air- 
craft Engine Exhaust Systems. C. fF 
Derbyshire. SAE Annual Meeting, De 
troit, Jan. 11-15, 1954, Preprint 229. 21 
pp. 

Some Blade Designs for an Axial Flow 
Compressor Stage. R. G. Taylor. / 
RAeS, Jan., 1954, p. 61. 

Turbojet Engine Design Problems for 
Supersonic Flight. Joseph S. Alford and 
Earl L. Auyer. SAE Annual Meeting, 
Detroit, Jan. 11-15, 1954, Preprint 230. 7 
pp. 

Development of the Turbo Compound 
Engine. F. J. Wiegand and W. R. Eich- 
berg. SAE Annual Meeting, Detroit 
Jan. 11-15, 1954, Preprint 228. 24 pp., 
cutaway drawings. Design details and 
characteristics of the Wright R3350 
Model 

The Free-Piston and Turbine Com- 
pound Engine—Status of the Develop- 
ment. A. L. London. SAE Annua 
Meeting, Detroit, Jan. 11-15, 1954, Pre 
print 252. 15 pp. 14 refs. 
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Horsepower Plus!—The Wright R-3350 
Turbo-Compound Engine. Douglas Serv., 
Nov.-Dec., 1953, p. 1, cutaway drawings. 
Descriptive design details and characteris- 
tics 

New Developments in Turbocharging. 
Rudolph Birmann. SAE Annual Meet- 
ing, Detroit, Jan. 11-15, 1954, Preprint 
250. 13 pp. Includes comparative and 
evaluative data; future trends. 

Light Aircraft Turbo-Propeller In- 
stallations. J. H.Gerteis. SAE Annual 
Meeting, Detroit, Jan. 11-15, 1954, Pre- 
print 239. 12 pp. Design details and 
characteristics of the Boeing 502-8 and the 
Continental Artouste Turbomecca en- 
gines. 

The Napier ‘‘Eland’’ Turboprop Engine. 
Brit. Aircraft Ind. Bul., Jan., 1954, p. 18, 
cutaway drawing. Design details and 
performance characteristics. 

Turboprop Engines for Tomorrow's 
Transport. E. F. Heaton, C. S. Constan- 
tino, and W. H. Ziegler. Aero. Eng. Rev., 
Mar., 1954, p. 62. Relative performance 
comparison with compounded reciprocat- 
ing engine; status of development; con- 
trol requirements; analysis of problems; 
potentialities and trends. 


Ram-Jet & Pulse-Jet 


Quelques Propriétés de la Combustion 
Pulsatoire: Le Pulso-Réacteur, Action 
des Carburants Dopés. Une Introduc- 
tion. ..—Principes de Fonctionnement du 
Pulso-Réacteur. J. Bertin. NATO 
AGARD Colloquium, Cambridge, England, 
Dec. 7-11, 1953, Preprints. 11, 4 pp. 
17 refs. SNECMA investigations on 
some characteristics of pulsating com- 
bustion; functioning principles of the 
pulse-jet; analysis of the action of fuels. 

Ramjets for Commercial Transports? 
Hendrik Kitsnik. Aero Dig., Jan., 1954, 
p. 28. Evaluation of possibilities; pro- 
posal of a method to maintain high thermal 
efficiency at all flight speeds to permit low- 
speed operation. 


Reciprocating 


Combustion-Chamber Deposits and 
Octane-Number Requirement. Joel War- 
ren. SAE Annual Meeting, Detroit, Jan., 
11-15, 1954, Preprint 235. 10 pp. 

A Comparison of the Intermediate- 
Combustion Products Formed in an En- 
gine with and Without Ignition. William 
C. Davis, Marion L. Smith, Earl W. 
Malmberg, and Jane Ann Bobbitt. SAE 
Annual Meeting, Detroit, Jan. 11-15, 1954, 
Preprint 232. 15 pp. Experiments on a 
modified Cooperative Fuels Research 
(CFR) engine, type F-4. 

The Evaluation of the Energy Released 
During Preflame Reactions. D. R. Ol- 
son. J. T. Wentworth, and W. A. Daniel. 
SAE Annual Meeting, Detroit, Jan. 11-15, 
1954, Preprint 233. 22 pp. Develop- 
ment of an improved analytic method to 
study the combustion process. 

Foaming and Aeration of Oils in Avia- 
tion Powerplant. R. Tourret. J. RAeS, 
Jan., 1954, p. 53. 31 refs. Survey of the 
available literature on the problem in re- 
ciprocating engines. 


Rocket 


Charge Geometry and Ballistic Pa- 
rameters for Solid Propellant Rocket 


AERONAUTICAL REVIEWS 


Motors. E. W. Price. Jet Propulsion, 
Jan.-Feb., 1954, p. 16. Derivation of 
four parameters of internal ballistics for 
the case of straight, side burning charges 
with linear variation of surface area rela- 
tive to distance burned in; application 
of the results to an elementary theory of 
motor performance. 

Combustion Instability in Liquid-Pro- 
pellant Rocket Motors—A Survey. 
Chandler C. Ross and Paul P. Datner. 
NATO AGARD Colloquium, Cambridge, 
England, Dec. 7-11, 1953, Preprint. 28 pp. 
45 refs. USAF-supported investigations 
at Aerojet General Corp. 

The Correlation of Interior Ballistic 
Data for Solid Propellants. Richard D. 
Geckler and David F. Sprenger. Jet 
Propulsion, Jan.-Feb., 1954, p. 22. De- 
velopment of a self-consistent set of em- 
pirical equations to describe concisely per- 
formance parameters of a solid propellant 
rocket motor. 

High-Frequency Combustion Instability 
in Solid Propellant Rockets. I. Sin-I 
Cheng. Jet Propulsion, Jan.-Feb., 1954, p. 


af. 


Production 


Automotive Tooling Experience with 
Aircraft Tooling & Manufacturing. Jack 
Slean. SAE Annual Meeting, Detroit, 
Jan. 11-15, 1954, Preprint 243. 5 pp. 

Heavy Forging-Presses; A Review of 
Developments in the United States. A. 
Zeitlin. Aircraft Prod., Feb., 1954, p. 53. 

“Noratlas”’ in Production. J. Vellutini. 
Interavia, No. 1, 1954, p. 35. Design-for- 
production, planning, and other problems 
in the fabrication of the Nord 2501, with a 
summary of characteristics and perform- 
ances. 

The Second Aircraft Production Con- 
ference Held at Southampton University. 
IlI—User Problems. B.S. Shenstone and 
R. Owen Jones. Aircraft Prod., Feb., 
1954, p. 72. Abridged. 


Metalworking 


Barrelling; Development of Process for 
Surface - Finishing and Burr - Removal. 
Aircraft Prod., Feb., 1954, p. 44. 

Distribution of Shear-Zone Heat in 
Metal Cutting. W. C. Leone. Trans. 
ASME, Jan., 1954, p.121. 18 refs. 

Canopy Construction; Avro Production 
of Single-Skinned and Double-Skinned 
Acrylic Mouldings. Richard Wood. Air- 
craft Prod., Feb., 1954, p. 62. 

Finishing Systems for Magnesium. 
Hugo A. Barbian. Materials & Methods, 
Jan., 1954, p. 102. Evaluation of differ- 
ent systems in terms of design and service 
requirements and new developments. 

Heat Treatment of Aircraft Parts. 
Frank Crahen. Steel Processing, Jan., 
1954, p. 48. 

Heat-Treatment of High-Speed Steel. 
I—Introduction and General Outline of 
Techniques. S. G. Cope. Metal Treat- 
ment, Jan., 1954, p. 3. 10 refs. 

Machinability of Heat-Treated Steel. 
Robert C. Gibbons. Materials & Methods, 
Jan., 1954, p. 86. Selection factors and 
optimum operational conditions. 

Measurement and Control of Residual 
Stresses in Cylinder Block Castings. R. 
E. Vandeventer and Forest McFarland. 
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SAE Annual Meeting, Detroit, Jan. 11-15, 
1954, Preprint 208. 12 pp. 

Modern Casting Techniques. H. J. 
Meerkamp van Embden. Philips Tech. 
Rev., Nov., 1953, p. 1388. 14 refs. De- 
velopmental survey; applications. 

Machining and Forging Titanium. V. 
L. Coughlin. Aero Dig., Jan., 1954, p. 64. 
Metalworking problems at the G-E Lab. 
in the use of Ti-150A and RC-130B alloys. 

Manufacture and Properties of Large 
Forgings. Adolph O. Schaefer. Steel 
Processing, Jan., 1954, p. 24. 

A Production Application of Structural 
Adhesive Bonding. George E. Holback 
and James L. Burridge. SAE Annual 
Meeting, Detroit, Jan. 11-15, 1954, Pre- 


print 240. 13 pp. 
Close Tolerance Aluminum Parts 


Brazed in Salt Bath. William J. Rudolph. 
Materials & Methods, Jan., 1954, p. 96. 
Dip-brazing procedure; joint design fac- 
tors; advantages and limitations. 

Cracking in Stainless and Heat-Resist- 
ing Weld Metals. H. F. Tremlett. 
Trans. Inst. Welding, Dec., 1953, p. 148. 

Ductility Transition of Weld Metal. 
W. S. Pellini and E. W. Eschbacher. 
Welding J. Res. Suppl., Jan., 1954, p. 
16-s. NRL investigation on fracture in- 
itiation in welds resulting from the pres- 
ence of crack flaws located entirely in the 
weld metal. 

Effect of Steel Quality on Spot-Welding 
Properties. J. E. Roberts and H. E. 
Dixon. Brit. Welding J., Jan., 1954, p. 
27. Experiments to determine differences 
in spot weldability between five grades of 
18 S.W.G. low-carbon steel of deep-draw- 
ing or extra deep-drawing quality. 

Faster Fusion. J. R. Fullerton. Weld- 
ing J., Jan., 1954, p. 47. Ryan Aeronau- 
tical Co. experience in shielded are welding 
processes. 

High-Temperature Brazing; The Ap- 
plication of Corrosion-Resistant and Heat- 
Resistant Alloys to the Fabrication of 
Sheet-Metal Assemblies. G. D. Cremer, 
F. J. Filippi, and R. S. Mueller. Aircraft 
Prod., Feb., 1954, p. 76. 

Inert-Gas-Shielded Metal-Arc Welding 
of Low-Carbon Steels. G. C. Christopher 
and R. C. Becker. Welding J., Jan., 
1954, p. 7. Investigation of applicable 
steel welding wires. 

Optimum Spot and Seam Welding Con- 
ditions for Inconel X. Ernest F. Nippes 
and Herbert B. Fishman. Welding J. 
Res. Suppl., Jan., 1954, p. 1-s. Research 
studies at the Rensselaer Polytechnic 
Institute Welding Lab.; analysis of cri- 
teria. 


Production Engineering 


Developing a Test for Broaching Ti- 
tanium and Its Alloys. R.E. McKee and 
W. W. Gilbert. Mech. Eng., Jan., 1954, 
p. 6. Investigations in -the Production 
Eng. Dept., The University of Michigan; 
test procedures and equipment. 

Dimensioning Castings. Elvin  V. 
Lundstedt. Mach. Des., Jan., 1954, p. 
98. Recommendations for detailed draw- 
ing specification for complex castings; 
application to high-accuracy measuring 
and other devices and precision instru- 
mentation. 

Over-all Problems of Producibility 
Harold M. Harrison. SAE Annual Meet- 
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DESIGN 
FOR 


., 1670 


Francesco Lana 


Quite a change in avia- 


tion concepts since 1670! And 
with changes came a need 
for greater drafting preci- 
sion. In the 300 years since 
Staedtler pencils were first 
produced, J. S. Staedtler 
of Nurnberg, Germany, 
has made constant im- 
provements in pencil de- 
sign and manufacture to 
keep pace with this 
need. Today, the Mars- 
Lumograph is Amer- 
ica’s finest imported 
drawing pencil; in the 
clutch pencil field the 
combination of the 
new 1001 Mars 
Technico push- 
button lead holder 
and 1904 Mars- 
Lumograph im- 
ported drawing 
leads insures your 
having the very 
best. 


The 2886 Mars- 
Lumograph draw- 
ing pencil gives 
you precise thick- 
ness and the black- 
ness of line needed 
for crisper, cleaner 
prints. Perfectly 
graded in 19 de- 
grees; EXEXB to 9H. 
$1.50 per dozen—less 
in quontity. 

The 1001 Technico 
Mars-Lumograph push- 
button lead holder costs 
no more than ordinary 
holders, has ao noiseless, 
smooth-working, low- 
friction clutch mechanism, 
lightweight wood construc- 
tion with perfect balance 
and, built into the push-button 
cap, o unique lead sharp- 
ener. $1.50 each—less in 
quontity. 

1904 Mars-Lumograph Im- 
ported Drawing Leads ore so 
opaque thot inking-in is not 
necessary. Leads ore ribbed for 
firm clutch grip and each hos 
© removable cap which prevents 
sliding from holder. Available in 
18 degrees; EXB to. 9H. $1.20 per 
dozen—less in quantity. 


J.S. STAEDTLER INC. 


31 DICAROLIS COURT 
HACKENSACK, NEW JERSEY 


NG REVIEW 


ing, Detroit, Jan. 11-15, 1954, Preprint 
242. 16 pp. Lockheed Aircraft Cor 
poration’s experience 

Tooling and Planning Problems Related 
to Modern Transport Aircraft. J. R. 
Franks and C. S. Glasgow SAE Annual 
Meeting, Detroit, Jan. 11-15, 1954, Pre- 
print 241. 9 pp 


Reference Works 


4th Annual Applied Hydraulics Direc- 
tory and Buyers’ Guide, 1954. I—Manu- 
facturers Directory. [I—Industrial Prod- 
ucts Directory. III--Aviation Products. 
IV—English Manufacturers. Appl. Hy- 


draulics, Jan., 1954, pp. 67, 132, 234, 254 


Refueling in Flight 


General Design Aspects of Flight Re- 
fueling. Walter P. Maiersperger. 
Eng. Rev., Mar., 1954, p. 52. Review of 
progress and experience; analysis of 
techniques; economic and military factors. 


1 ero 


Rotating Wing Aircraft 


An Air Line View of the Helicopter. 
W.L. McMillen. SAE Annual Meeting, 
Detroit, Jan. 11-15, 1954, Preprint 244 
17 pp. Analysis of transportation poten- 
tialities. 

Design of the Transport Helicopter. 
David E. Postle. Aero. Eng. Rev., Mar., 
1954, p. 70. Evaluative analysis of gen- 
eral configuration, performance character 
istics, power operating 
range and fuel needs, maintenance, spe 
cialized equipment, design features, and 
other aspects. 

Interim Report on V-g Records on Heli- 
copters. H. I. Birds. Gt. Brit., ARC 
R&M 2746 (Mar., 1949), 1953. 5 pp. 
BIS, New York. $0.50. Test flying data 
on the Hoverfly I, Hoverfly II, and Sikor- 
sky $.51. 

Rotor Blade Motion in a Vertical Sharp- 
edged Gust; A Study of the Dynamics of 
Helicopter Blade Flapping with a Method 
of Deriving Maximum Gust Deflexion. 
I—Constant Chord Blades. P. R. Payne. 
Aircraft Eng., Jan., 1954, p. 10. 

Rotary-Wing Aircraft. Jnteravia, No. 
1, 1954, p. 16. Partial contents: Brief 
History of the Helicopter, Charles Dollfus 
The Nature of the Beast; Categories of 
Rotary-wing Aircraft, Giuseppe Gabrielli. 
Rotary-Wing Aircraft in 1954, Pierre Le- 


requirements, 


fort. The Helicopter in War, Pierre M. 
Gallois. 
Maintenance 

Fatigue Proofing Helicopter Com- 


ponents. R. F. Breyer. SAE Annual 
Meeting, Detroit, Jan. 11-15, 1954, Pre- 
print 249. 8 pp. Bell Aircraft Corpo- 
ration’s proving tests on designs to estab 
lish service life and to act 
design improvements 

The Problem of Relating Accumulated 
Service Fatigue Damage to Remaining 
Life. H. T. Jensen. SAE Annual 
Meeting., Detroit, Jan. 11-15, 1954, Pre- 
print 248. 7 pp. Random loading and 
other design factors in helicopter fatigue 
problems; Sikorsky experience. 


as a guide for 


-APRIL 1954 


The One Complete 


Reference Source to 


The Dynamics and 
Thermodynamics of 
Compressible Fluid Flow 


ASCHER H. SHAPIRO 


Massachusetts Institute of Technology 


NEW 


ers virtually all aspects of compressible 


This outstanding work cov- 


fluid mechanics. Ranging in scope 
from fundamentals to analytical de- 
methods and 


advanced exemplary methods, the book 


velopment of design 
organizes a fund of up-to-date material 
directly applicable to the engineer- 
ing problems that arise in high-speed 
aircraft and rocket design. 


Discussions are 


based on a combina- 
tion of clear physi- 
cal reasoning, theo- 
retical treatment, 
and empirical re- 
sults, designed to 
create a book of 
high practical value 
for engineering pur- 
poses. 


All impor- 


tant results are re- 
duced to convenient 
chart form. Appendix provides numeri- 
cal tables to facilitate computation of 
compressible-flow functions. 


© 4 Typical Recent Comment: 


Professor Walton Forstall, Jr., of 
the Carnegie Institute of Technology 
writes: ‘An important event to all 
interested in compressible flow... 
Shapiro has done a remarkable job. 
His book is notable for having all the 
virtues one would like to find in a 
work of this kind. 
cision, clarity, scope, orderly organi- 


It combines pre- 


zation, logical development, and 
valuable reference citation in a well 
printed volume ... 

“Those who deal with problems of 
fluids 


complete 


compressible are fortunate 


to have the coverage 
with such high quality.” 
Volume I: Ready now. 


660 pages, 635 illustrations, $16 


Volume Il: 
600 pages, 580 illustrations, $16 


Ready Spring. 


Two-volume set, $30 


At your bookstore or direct from .... 


THE RONALD PRESS COMPANY 
15 East 26th St., New York 10 
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The Northrop F-89 as well as 
Ch the replica of the Wright Brothers 
first airplane are both 
EQUIPPED! Western Gear equipped 


SEE OUR PRODUCT DISPLAY 
BOOTHS 44-45 
S. A. E. National Aeronautical Meeting 
transmission problem may be, the “right” design April 12-14 Hotel Statler, N. Y. C. 


Whatever your aircraft mechanical power 


in finished product is assured you when you 


draw on Western Gear’s many years of experi- &!T€-For further information and 
a copy of “Gearing for the Age 
ence. The aviation industry has depended upon of Flight.” Write on company 
letterhead to the Executive Offices, 
Western. Gear’s engineers for the solution Western Gear Works, 


P.O. Box 182, Lynwood, California. 
of their gear design problems for over three “ 


SINCE 1888 


WESTERN GEAR 


WORKS 


decades. 
There is scarcely a military and commercial 
plane in use today — or on the drawing board for 


tomorrow — that doesn’t use one or more West- PACIFIC-WESTERN PRODUCTS | coves WAtCincer = 
PACIFIC GEAR & TOOL WORKS - SOUTH WESTERN GEAR WORKS 


ern Gear drives. Why not call us next time? 


PLANTS AT LYNWOOD. PASADENA, BELMONT. SAN FRANCISCO (CALIF... SEATTLE AND HOUSTON — REPRESENTATIVES IN PRINCIPAL CITIES 
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DEVELOPMENT 
ENGINEERS 


Design Engineering, Practical Research, 


FOR: Investigations of Theories, Functional Analysis 


An interesting challenge for senior design engineers to work 
directly with top project supervisors helping through the 
prototype stage new developments in: 


© Automatic Control Instruments 
© Electronic Navigational Aids 
© Magnetic Amplifiers 


© Airborne Armament Systems 
® Guided Missile Controls 
© Computing Equipment 


For these jobs we are interested in men with two or more years experience 
in electro-mechanical work related to the above fields or in men with 
superior scholastic records in physics, electrical, electronic or mechanical 
engineering. 


YOU’LL LIKE WORKING AT FORD INSTRUMENT 


® Not too large, not too small © Pension Plan 
® Stable but progressive company ©@ Nine Paid Holidays 
N.Y. C. location with all its additional 
varied opportunities e 
© Above-average fringe benefits 


Two Weeks vacation with pay 
Tuition assistance for further related 
studies 


Our policy of permanency of positions and continuity of service does not 
allow us to employ engineers unless there is a clear and definite need for 
them projected years into the future. And we promote from within. 

If you can qualify, we urge you to contact by mail, or if in N. Y. C. phone: 


Mr. P. F. McCaffrey, Stillwell 4-9000, Extension 416 


FORD INSTRUMENT COMPANY 


Division of the Sperry Corporation 
31-10 Thomson Ave., Long Island City, N. Y. (20 minutes from the heart of New York City) 


AIRSURANCE 


Airline Passenger Insurance 


this is the Trade Mark 
PHENOL, 
you see most often on 
AM PHENOL. 
electronic components 
PHENOL 
AN, RF and many 
aM PHENOL 
Special types of con- 
“AM PHENOL, 


nectors, cable and 

AM PHENOL. 
radio products 

4M PHENOL, 


Annual Policies 
from $5,000 to $100,000 


at new low rates 
No Physical Examination * No Age Limit 


EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000.00 for Hospital and Doctor's bills 
$50.00 per week when disabled 


PREMIUM $27.50 per year 


Backed by the 
Combined Assets of 
Aetna Casualty & Surety Co. 
American Empioyers’ 
Insurance Co. 
American Surety Co. of N. 
Century Indemnity Company 


Policies cover 
possengers on 


scheduled airlines 


WOR!D-WIDE 


The Employers’ Liability 
Assurance Corp., Ltd. 
your Hortford Accident & 
Indemnity Co. 
Maryland Casualty Co. 
Massachusetts Bonding & 
Insurance Co. 


Write or phone 


Agent 


New Amsterdam Casualty Co. 


Standard Accident Insurance Co. 
Travelers Insurance Co. 

United Stotes Casualty Co. 
United States Fidelity & 
Guoronty Co. 


UNITED STATES AVIATION UNDERWRITERS 


| 
| 
INCORPORATED | 
| 


JOHN ST. NEW YORK 38, N. Y. 


ATLANTA + CHICAGO - DALLAS - KANSAS CITY 
LOS ANGELES - SAN FRANCISCO 


American Phenolic Corporation 


1954 


Secondary Fatigue Loading of Helicop- 
ters. Harry Tobey. SAE Annual 
Meeting, Detroit, Jan. 11-15, 1954, Pre- 
print 246. 11 pp. Analysis of cyclic 
load design factors of steady and oscillat- 
ing stresses. 


Service and Testing Observations of 
Fatigue Failures in Helicopter Compo- 
nents. Richard M. Carlson and F. David 
Schnebly. SAE Annual Meeting, De- 
troit, Jan. 11-15, 1954, Preprint 247. 16 
pp. 


Safety 


Fueling Aircraft While on the Ground; 
Fire Safety Recommendations. NFPA 
407-P (Bul. 78-D), Dec., 1953. 12 pp 


“Inerting’’ of Aircraft Fuel Tanks Dur- 
ing Certain Aircraft Maintenance Opera- 
tions. NFPA 405-P (Bul. 56-B), Jan. 7, 
1954. 12 pp. 


Operational Safety for Business Air- 
craft. Ed W. Hudlow, Moderator, and 
others. Skyways, Feb., 1954, p. 20 
Flight Operations Round Table discussion 


‘“‘Sarah’’—A New Rescue Aid for Crash 
Victims. Brit. Aircraft Ind. Bul., Jan., 
1954, p. 28. Design and operation of the 
“Ultra Search and Rescue and Homing”’ 
device. 


Space Travel 


Entry into Circular Orbits. II. Derek 
F. Lawden. J. Brit. Interplanetary Soc., 
Jan., 1954, p.27. Analysis of the problem 
of maneuvers to permit a rocket approach- 
ing a planet from a great distance to enter 
an orbit. 

Mars, Planet of Mystery. Norman ] 
Bowman. J. Space Flight, Jan., 1954, p. 1. 
Atmospheric, terrestrial, and other as 
tronautical problems. 


A Programme for Achieving Interplane- 
tary Flight. A. V. Cleaver. J. Brit 
Interplanetary Soc., Jan., 1954, p. 1. Re- 
search and development possibilities for a 
three-phase space flight project, taking 
into account the aspects of finance, utility, 
motivation, and fundamental technical 
problems. 

Structural Problems of the Lunar Base. 
P. L. Sowerby. J. Brit. Interplanetary 
Soc., Jan., 1954, p. 36. Evaluation of 
design, materials, and special factors in 
creating the underground moon city 


Structures 


Nose Wheel Landing Gear Door for 
(Beech) T36A Airplane. W. Salmi and L 
Unger. Goodyear Rep. GER-4862 S51-1, 
Aug. 5, 1952. 10 pp. Calculation of the 
distribution of air loads for the Bondolite 
design based on the analysis of the struc- 
ture considered as a simple beam supported 
at the two hinges. 

Transient Thermal Stresses in Circular 
Disks and Cylinders. G.Horvay. 7rans 
ASME, Jan., 1954, p. 127. 


Beams & Columns 


The Airy Stress Function in Curvilinear 
Coordinates with Application to the Uni- 
form Flexure of a Naturally Curved Spiral 
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Beam. Karl S. Pister. J. Franklin 
Inst., Jan., 1954, p. 25. 

Buckling and Stability. (Forty-First 
Wilbur Wright Memorial Lecture.) Ap- 
pendix I—Original Text of Quotations. 
Appendix II-—-Perfectly Elastic Column 
Compressed in a Testing Machine. 
Appendix III—Non-linear Column Com- 
pressed in a Testing Machine. Appendix 
IV—Rapid Loading of Non-linear Column. 
N. J. Hoff. J. RAeS, Jan., 1954, 
pp. 3, 38, 39, 43, 48. 106° refs. 
Detailed investigation to study the be- 
havior of both slender and short columns 
in the ordinary column test and to correlate 
data on the buckling loads with those of 
the critical loads of the classical theory; 
analysis of the effects of rapid load appli- 
cation and of the phenomenon of creep. 

Calculating Tearout Strength for Canti- 
lever Beams. B. Saelman. Mach. Des., 
Jan., 1954, p. 161. Analytical solution. 

Creep Bending and Buckling of Linearly 
Viscoelastic Columns. Joseph Kempner. 
U.S., NACA TN 3136, Jan., 1954. 22 pp. 

Creep Bending and Buckling of Non- 
linearly Viscoelastic Columns. Joseph 
Kempner. U.S., NACA TN 3137, Jan., 
1954. 27 pp. 11. refs. Experimental 
investigation at Polytechnic Institute of 
Brooklyn. 

Creep Buckling of Columns. Joseph 
Kempner and Sharad A. Patel. U.S., 
NACA TN 3138, Jan., 1954. 24 pp. 
Derivation of formulas for the determina- 
tion of the creep deflection-time charac- 
teristics of an initially curved idealized H- 
section column. 

The Flexural Centre or Centre of Shear. 
W. T. Koiter. J. RAeS, Jan., 1954, p. 
64. 12 refs. Elaboration of investiga- 
tions on the flexural center of beams. 

The Lateral Instability in the Elastic 
Range of Beams Having Negligible Tor- 
sion-Bending Constants. J.Solvey. Aus- 
tralia, ARL Rep. SM. 216, Nov., 1953. 
38 pp. 

On Some Eigenvalue Problems of Ex- 
ceptional Difficulty, Exemplified by a 
Case of Elastic Instability. R.V. South- 
well and Gillian Vaisey. Quart. J. Mech. 
& Appl. Math., Dec., 1953, p. 453. 14 
refs. Analysis includes application to the 
estimation of the critical load and the 
mode of distortion for a flat plate represent- 
ative of a cantilever I-beam. 

A Substitute-Stringer Approach for In- 
cluding Shear-Lag Effects in Box-Beam 
Vibrations. William W. Davenport and 
Edwin T. Kruszewski. U.S., NACA TN 
3158, Jan., 1954. 23 pp. : 

Time-Dependent Buckling of a Uni- 
formly Heated Column. Nathan Ness. 
U.S., NACA TN 3139, Jan., 1954. 18 pp. 
Theoretical investigation at Polytechnic 
Institute of Brooklyn. 


Plates 


Data on the Compressive Strength of 
Skin-Stringer Panels of Various Materials. 
Norris F. Dow, William A. Hickman, and 
B. Walter Rosen. U.S., NACA TN 3064, 
Jan., 1954. 49 pp. 19 refs. Structural 
analyses in terms of material properties 
and design requirements. 

Elastic Buckling Under Combined 
Stresses of Flat Plates with Integral 
Waffie-Like Stiffening. Norris F. Dow, 
L. Ross Levin, and John L. Troutman. 


AERONAUTICAL REVIEWS 


HIS FUTURE 


Take a few moments now to review the progress of your 
career. Does your present position offer you a future that 
fully utilizes your creative abilities? 


Compare your present assignment with the diversified, 
stimulating pursuits that increase the inventive challenge 
of Fairchild’s team of qualified engineers. These men are 
working on engineering advances for the famous C-119 
Flying Boxcar and the soon-to-he-produced C-123 Assault 
Transport. More than that, they are developing tomorrow’s 
jet fighters . . . special reconnaisance aircraft . . . jet bomb- 
ers and transports. The men at Fairchild know that planned 
project diversification keeps them in the forefront of the 
field of aerodynamics. 


Gracious country living only minutes away from urban 
Baltimore or Washington .. . paid pension plan. . . an ex- 
cellent salary with paid vacations . . . ideal working envi- 
ronment... generous health, hospitalization and life 
insurance ... and the many other benefits of a progressive 
company add to the pleasure of working with Fairchild. 


You'll be investing wisely in a secure future if you take 
time today to write to Walter Tydon, Chief Engineer, out- 
lining your, qualifications. Your correspondence will be 
kept in strict confidence, of course. 


FAIRCHILD 
Division 


HAGERSTOWN, MARYLAND 
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nuclear energy continuing development of the 
jet transports Super Constellation and other 
super-sonic fighters production models 


e These career positions have been created by Lockheed’s pro- 


gram of diversified development — a program that means more scope 


for your ability and more opportunity for promotion because it is 


diversified. 


In addition to more opportunity, you receive 


Lockheed invites 
qualified thermo- 
dynamicists to apply 
for these positions. 
Coupon is for your 
convenience. 


@ increased pay rates now in effect 


@ generous travel and moving allowances 


@ the opportunity for you and your family 


to enjoy life in Southern California 


LOCKHEED 


AIRCRAFT CORPORATION - BURBANK, CALIF. 


Mr. E. W. Des Lauriers, 

Engineering Recruiting, Dept. AER-T-4 
Lockheed Aircraft Corporation 
Burbank, California 


Dear Sir: Please send mean application form 


and illustrated 


brochure describing life and work at Lockheed in California. 


my name 


my street address 


my city and state 


APRIL 1954 


U.S., NACA TN 3059, Jan., 1954. 19 
pp. 13 refs. 

The Elastic Stability of Sandwich 
Plates. J. H. Hunter-Tod. Gt. Brit., 
ARC R&M 2778 (Mar., 1949), 1953 39 
pp. BIS, New York. $2.45. Analyti- 
cal investigation for the case of supported 
rectangular plates of sandwich construc 
tion with isotropic and aeolotropic fillings 
under compression and shear loading. 

Fatigue Strength Butt Joints in ¥-In. 
Thick Aluminum Alloy Plates. E. ¢ 
Hartmann, Marshall Holt, and I. D. Ea 
ton. Welding J. Res. Suppl., Jan., 1954, 
p. 2l-s. Results of tests at Alcoa's 
Aluminum Research Labs. 

General Instability of Simply Supported 
Rectangular Plates. J. R. M. Radok 
J. Aero. Sci., Feb., 1954, p. 109. 10 refs 

The Initial Buckling of a Long and 
Slightly bowed Panel under Combined 
Shear and Normal Pressure. E. H 
Brown and H. G. Hopkins. Gt. Brit., 
ARC R&M 2766 (June, 1949), 19538. 19 
pp. BIS, New York. $1.40. 

On a Method of Solving Torsion and 
Bending Problems of Continuous Panel 
Structures. Shosaburo Negoro. Kyushu 
U., Japan, Rep. Res. Inst. Appl. Mech., 
Sept., 1953, p. 91 

On the Stresses Due to Pressure on the 
Periphery of the Hole in an Orthotropic 
Plate. Masakazu Higuchi. Kyushu | 
Japan, Rep. Res. Inst. Appl. Mech., June, 
1953, p. 53. 

Orthotropic Semi-infinite Plate with a 
Hole. Masakazu Higuchi. Kyushu U 
Japan, Rep. Res., Inst. Appl. Mech., Sept., 
1953, p. 161. 

Shear Tests on 24 ST Unstiffened and 
Stiffened Webs with Flanged Holes. I. 
Appendix A—Types of Failure. Appen- 
dix B—The Shearing Deformation. \W 
K. G. Floor. Netherlands, NLL Rep. S 
413, July, 1953. 122 pp. 12 refs. 

The Stresses in the Orthotropic Semi- 
Infinite Plate Due to a Rigid Bolt Pressed 
Against [It] on Its Edge. Masakazu 
Higuchi. Kyushu U., Japan, Rep. R 
Inst. Appl. Mech., June, 1953, p. 39 


Wings 


Analysis of Multicell Delta Wings on 
Cal-Tech Analog Computer. Richard H 
MacNeal and Stanley U. Benscoter 
U.S., NACA TN 3114, Dec., 1953. 84 
pp. Investigative structural analyses at 
CIT, including calculations of deflections 
and internal forces, taking into account 
vibration modes 

Analysis of Straight Multicell Wings on 
Cal-Tech Analog Computer. Stanley U 
Benscoter and Richard H. MacNeal 
U.S., NACA TN 3113, Jan., 1954. 79 
pp. Torsional, bending, and vibrational 
analyses of wings of aspect ratio of two and 
four, with rectangular and biconvex cross 
sections, supported rigidly along two lines 
at the faces of the fuselage. 

Analysis of Sweptback Wings on Cal- 
Tech Analog Computer. Richard H 
MacNeal and Stanley U. Benscoter 
U.S., NACA TN 3115, Jan., 1954. 80 pp 
CIT investigation of static loads an 
vibrational motion, with comparisons to 
the elementary beam theory. 

Design Data for Miultipost-Stiffened 
Wings in Bending. Roger A. Anderson 
Aldie E. Johnson, Jr., and Thomas W 
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Wilder, III. U.S., NACA TN 3118, Jan., 
1954. 38lpp. Extension and summary of 
calculations given in NACA RM L52- 
K10a; analysis of the interaction of the 
various stiffnesses influencing buckling 
behavior. 

Wings in Prestressed Concrete. Georges 
Bruner. The Aeroplane, Jan. 15, 1954, 
p. 72. Details of a method for casting 
missile wing structures in concrete, with 
analysis of deformation test data. 


Thermodynamics 


Mathematical Theory of the Flow of a 
Gas in a Porous Solid and of the Associ- 
ated Temperature Distributions. D. R. 
Bland. Proc. Royal Soc. (London), Ser. 
A, Jan. 7, 1954, p. 1. Application to 
“sweat cooling’ in gas turbines and to the 
design of heat exchangers. 

A Note on Uniqueness Proofs for 
Boundary-Value Problems in Potential 
Theory and Steady Heat Conduction. M. 
E. Rayner. Quart. J. Mech. & Appl. 
Vath., Dec., 19538, p. 385. 

The Solution of Transient Heat-flow 
Problems by Analogous Electrical Net- 
works. D.I. Lawson and J. H. McGuire. 
IME Proc. (A), No. 3, 1958, p. 275; 
Communication, p. 288. 26 refs. 

The Use of Carbon Crucibles in Meas- 
urements on the Rate of Evaporation of 
Liquid Metals in a Vacuum. M. G 
Rossmann and J. Yarwood. Brit. J. 
Appl. Phys., Jan., 1954, p. 7. 


Combustion 


Combustion in Vitiated Air. Brian P. 
Mullins. NATO AGARD Colloquium, 
Cambridge, England, Dec. 7-11, 1953, 
Preprint. 43 pp. 105 refs. NGTE and 
other investigations of fundamental phe- 
nomena and processes; review of the 
literature, including extensive — bibliog- 
raphy. 

Combustion of a Single Droplet and of a 
Fuel Spray. D. B. Spalding. NATO 
AGARD Colloquium, Cambridge, England, 
Dec. 7-11, 1953, Preprint. 12 pp. 23 
refs. Theoretical and experimental analy- 
sis of the physical and chemical aspects of 
the problem. 

Cylindrical Shock Waves Produced by 
Instantaneous Energy Release. Shao- 
Chi Lin. J. Appl. Phys., Jan., 1954, p. 
54. ONR-supported research; extension 
of Taylor’s analysis of an intense spherical 
explosion. 

Diffusion Processes as Rate-Controlling 
Steps in Laminar Flame Propagation. 
Dorothy M. Simon. NATO AGARD 
Colloquium, Cambridge, England, Dec. 
7-11, 1953, Preprint. 32 pp. 88 refs. 

Etude Aérothermodynamique de la 
Combustion. Jean Fabri. NATO 
AGARD Colloquium, Cambridge, England, 
Dec. 7-11, 1953, Preprint. 17 pp. 19 
refs. In French. ONERA thermoaero- 
dynamic investigations on the phenom- 
enon of combustion. 

Experimental Studies on Turbulent 
Flames. Arch C. Scurlock and John H. 
Grover. NATO AGARD Colloquium, 
Cambridge, England, Dec. 7-11, 1953, Pre- 
print. 32 pp. 38 refs. ONR-OAR- 
sponsored research under Project SQUID. 

Flame Quenching by a Variable-Width 
Rectangular-Slot Burner as a Function of 
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YEARS 
OF SIMULATED FLIGHT 


The Link Trainers of yester- 
year pioneered the way for 
flight simulation on the 
ground. Their development 
and effective use in expedit- 
ing the training of military 
and commercial airline pilots 
made “Link time” a requisite 
in each pilot’s curriculum. 


Modern flight training places 
even greater emphasis on 
simulated flight. New elec- 
tronic jet simulators, such as 
Link’s ultra-modern F-89D, 
right, now being delivered to 
the United States Air Force, 
reflect the Link company’s 
continuing leadership in the 
flight simulator field. 


AND YET TO COME... 


As the age of powered flight enters its third quarter 
of a century, and Link begins its second, the research 
laboratories of LINK are already at work 

to meet the military and commercial requirements of 
the fast-advancing Age of Flight. 


AVIATION, INC. 


BINGHAMTON, 
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Pressure for Various Propane-Oxygen- 
Nitrogen Mixtures. Abraham L. Berlad. 
U.S., NACA RM E53K30, Jan. 28, 1954. 
42 pp. 15refs. 

Fundamental Approach to Laminar 
Flame Propagation. Theodore von Kar- 
man and §. S. Penner. NATO AGARD 
Colloquium, Cambridge, England, Dec.7-11, 
1953, Preprint. 36 pp. 17 refs. A the- 
oretical development of the complete sys- 
tem of equations, taking into account both 
heat conduction and diffusion, for the case 
of an arbitrary number of simultaneous 
reactions. 

Ignition and Combustion in a Laminar 
Mixing Zone. Frank E. Marble and 
Thomas C. Adamson, Jr. NATO 
AGARD Colloquium, Cambridge, England, 
Dec. 7-11, 1953, Preprint. 21 pp. 10 
refs. CIT analytical investigations. 

Low-temperature Oxidation and Cool 
Flames of Propane. J. H. Knox and R. 
G. W. Norrish. Proc. Royal Soc. (Lon- 
don), Ser. A, Jan. 21, 1954, p. 151. 

Some Experimental Results Relating to 
Laminar Flame Propagation. J. W. Lin- 
nett. NATO AGARD Colloquium, Cam- 
bridge, England, Dec. 7-11, 1953, Preprint. 
19 pp. 41 refs. 

Spectroscopic Studies of Premixed Lam- 
inar Flames. S. S. Penner. NATO 
AGARD Colloquium, Cambridge, England, 
Dec. 7-11, 1953, Preprint. 23 pp. 59 
refs. ONR-supported research at CIT; 
critical review of the results of the experi- 
mental observations, with an analysis of 
the status, potentialities, and deficiencies 
of combustion spectroscopy. 

Stabilisation des Flames par des Ob- 
stacles. M. Barrere and A. Mestre. 
NATO AGARD Colloquium, Cambridge, 


England, Dec. 7-11, 1953, Preprint. 21 pp 
15 refs. In French. An ONERA theo- 
retical and experimental flame stabilization 
study. 

A Turbulent Flame Theory Derived from 
Experiments. Béla Karlovitze NATO 
AGARD Colloquium, Cambridge, Eng- 
land, Dec. 7-11, 1953, Preprint. 14 pp 
12 refs. ONR-supported research at the 
Bureau of Mines 

Use of Spectroscopy in Elucidating 
Reaction Mechanism. A. G. Gaydon 
NATO AGARD Colloquium, Cambridge, 
England, Dec. 7-11, 1953, Preprint. 12 
pp. 48 refs. Quantitative analyses of 
observations relative to emission and ab- 
sorption spectra; theoretical and experi- 
mental developments in low-pressure 
flames, atomic flames, and flame propaga- 
tion generally 

Velocity Attenuation of Explosive-Pro- 
duced Air Shocks. Jacob Savitt and R 
H. F. Stresau. J. Appl. Phys., Jan., 
1954, p.89. NOL investigation. 


Water-Borne Aircraft 


Hydrodynamic Instability of a Hydro- 
plane. Yujiro Murakami. Japan Sci. 
Rev., Sept., 1952, p. 485. Investigation of 
unstable oscillations or porpoising during 
take-off or landing of a hydroplane and of 
preventative methods 

L'Impiego Degli Idrovolanti Commer- 
ciali; Discussioni Polemiche (Future Role 
of Flying Boats Still Uncertain). Carlo 
Miranda. Ciampino (Interairport), Nov.- 
Dec., 1953, p. 20. In Italian and English 

Static Properties and Resistance Char- 
acteristics of a. Family of Seaplane Hulls 


RE VTE W — 
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Having Varying Length-Beam Ratio. 
Arthur W. Carter and David R. Wood- 
ward. U.S., NACA TN 3119, Jan., 1954. 
38 pp. 12 refs. 


Wind Tunnels & Research 
Facilities 


The Ames 10- by 14-Inch Supersonic 
Wind Tunnel. A. J. Eggers, Jr., and 
George J. Nothwang. U.S., NACA TN 
3095, Jan., 1954. 43 pp. Details of de- 
sign features permitting operation at Mach 
Numbers 2.7-6.38 and Reynolds Numbers 
1-11 million per ft. 


Note on the Use of the Three-Dimen- 
sional Shockwave Recorder for Studying 
Interference in a Supersonic Wind Tunnel. 
A. O. Ormerod. Gt. Brit., ARC R&M 
2798 (Dec., 1950), 1953. Opp. BIS, 
New York. $0.75. Description of the 
recorder, with an analysis of tunnel data. 


The Unsteady-Flow Water Tunnel at 
the Massachusetts Institute of Technol- 
ogy. J. W. Daily and K. C. Deemer. 
Trans. ASME, Jan., 1954, p. 87. Design 
features of testing and measuring appara- 
tus and equipment; objectives of the ex- 
perimental project investigating fluid 
friction and cavitation in unsteady motion 
in the MIT Hydrodynamics Lab. 


The World's Largest Wind Tunnel. \. 
J. Walker. Aero. Eng. Rev., Mar., 1954, 
p. 80. Details of equipment, instrumen- 
tation, and design of the Propulsion Wind 
Tunnel at the USAF Arnold Engineer- 
ing Development Center, Tullahoma, 
Tenn. 


them in last year’s Roster. 


Roster of Members. 


You are reminded that the Roster data card previou 


Those members not returning the data cards will be 


This is your last opportunity 


Last Call for Roster Listing 


wish to change your listing in the 1954-1955 edition 


y issued to you must be filed immediately if you 


isted by repeating the entry that appeared for 
to be correctly listed in the 1954-1955 IAS 
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used by the 


@ AIR FORCE 
@ ARMY 
@ NAVY 
@ AIRFRAME MFR’S 
@ MAJOR AIRLINES 
@ COMPONENTS MFR’S 


Electrical Components on aircraft, portable 

power units, ordnance vehicles and guided 
missiles are being tested rapidly and 
accurately with United Test Equipment. 


Write us your requirements. We 
specialize in custom design and 


manufacture. 


UNITED MANUFACTURING CO, 


Div. UNITED ADVERTISING CORP. 
HAMDEN 14 CONNECTICUT . 


PRESSURE Measurement 


ACCURACY 
0.1% 


W&T 
PRECISION 
DIAL 


MANOMETER, 
FA-145 


Ranges: All ranges from 0-120 inches water 
through 0-250 inches Hg. in two 
revolutions—45 inch scale. 


Write today for Publication No. TP-30-A 


WALLACE & TIERNAN 


ELECTRICAL MECHANISMS AND PRECISION INSTRUMENTS 
Belleville 9, New Jersey . . . Represented in Principal Cities 
In Canada, Wallace & Tiernan Products, Ltd.—Toronto 
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From Water Level To Stratosphere... 


Pittsburgh 
FABSEAL 


Makes Flying Safer... 
More Efficient! 


Millions of flying hours prove the 
dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 


@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from 2” to 12”, pack- 
ages in rolls of 50 feet. 


PITTSBURGH PLATE GLASS co., 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 

@ Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


Industrial Paint Div., 


Pittsburgh, Pa. Factories: Milwaukee, Wis.; Newark, N. J.; 
oprings ale, Pa.; Houston, Texas, Los Angeles, Calif.; Portland, 
1 


Ore 


itzler Color Div., Detroit, Michigan. The Thresher Paint 


o., Dayton, Ohio. Forbes Finishes Division, Cleveland, 
Ohio. M. B. Suydam Div. .» Pittsburgh, Pa. 


PAINTS « GLASS « CHEMICALS e BRUSHES « PLASTICS « FIBER GLASS 


PITTSBURGH PAINTS 


PITTSBURGH PLATE GLASS COMPANY 
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ENGINEER 


the best careers are 


made here, too! 


Westinghouse Air Arm—world leader in the field of 
aviation-electronics—also leads in engineering career 
opportunities. Continued growth of operations has 
created a need for engineers who would like to establish 
themselves in positions with a solid future. In addition 
to high income and outstanding benefits, current 
openings offer— 

@ Job stability e@ Extensive facilities 

e@ Opportunities for advanced study 
@ Association with competent technical leaders 


; Flight Test Engineers responsible for laboratory 


and flight evaluation of radar directed fire con- 
trol, autopilot, and navigation systems. Flight 
test these systems in many of nation’s newest 
jet intercepters and attack bombers. Gain 
knowledge of complete airborne electronics 
systems. 


Radar Advisory Engineer Technical consultation on 


problems pertaining to coherent and non-co- 
herent radar systems. Long range planning on 
target detection systems. Analysis of radar 
system and determination of component para- 
meters. 


‘Materials and Standards Engineer 


and laboratory investigation of insulating 
materials in potting and encapsulating of 
electronic subassemblies. Development of sub- 
miniaturization techniques. 


you can be SURE...1e 11s 


_ Westinghouse 


AIR ARM DIVISION 
BALTIMORE, MARYLAND 


Operations Analysts 


Computer Design Engineers 


SEND TODAY 


For your copy of ‘““Gateway 
to an Engineering Future.” 


Employment Supervisor, Dept. A-7 
Westinghouse Electric Corporation 


Westinghouse 
AIR ARM DIVISION 


Analysis of aircraft tactical 
problems. Evaluation of detection, acquisition, 
and destruction probabilities of aircraft arma- 
ment systems. Study of weapons systems 
stability and accuracy requirements. 


Analysis and design 
of analog and digital computers for airborne 
fire control systems. 


Hydraulics Engineers Analysis and design of hy- 


draulic valves, pistons, actuators and servo- 
mechanisms for autopilot and fire control 
systems. 


Electronic Components Engineers ee 


control system components. 

accelerometers magnetic amplifiers indicators 
rate gyros transformers antennas 
vertical gyros modulators receivers 


If employed at your highest skill in a defense 


industry do not apply. 


ADDRESS: 
R. M. Swisher, Jr. 


109 W. Lombard Street 
Baltimore 1, Maryland 
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Aeronau 


tical Reviews 


Book Notes 


AERODYNAMICS 


A Selection of Tables for Use in Calculations of 
Compressible Airflow. Prepared on behalf of the 
Aeronautical Research Council by the Compres 
sible Flow Tables Panel L. Rosehead (Chair 
man), W. G. Bickley, C. W. Jones, L. F. Nichol- 
son, C. K. Thornhill, and R. C. Tomlinson. Ox 
ford, at the Clarendon Press; New York, Oxford 
$8.00 
This book contains tables of some mathematical 


University Press, 1952. 143 pp., figs 
functions that occur in the theory of the steady 
flow of a compressible polytropic gas for which 
the ratio of its specific heats, is 1:4; toa good ap 
proximation, air at moderate pressures and temper 
atures may be considered to be such a gas (the 
tables in this volume are limited to air). A selec 
tion of the actual functions most commonly used in 
calculations of compressible flow was made and 
have been grouped under the headings (i) Isentropic 
Flow, (ii) Characteristics, (iii) Shocks, (iv) Re 
duction of Pressure Ratios, (v) Powers of + and 
1 To these is 

The tables 
do not contain lists of values determined from ex 


x*), and (vi) Miscellaneous 


added a List of Useful Functions of y 


periment; they do, however, contain tabulations 
whose precise numerical values depend on experi- 
mental determinations of quantities such as y, 
the ratio of the specific heats, and y, the coefficient 
of viscosity. A companion volume of Graphs is 
being prepared 


AVIATION MEDICINE 


Proceedings of a Symposium on Frontiers of 
Man-Controlled Flight. Presented at Los 
Angeles, April 3, 1953 by the Institute of Trans 
portation and Traffic Engineering and University 
Extension, University of California, in collabora- 
tion with the Aero-Medical Engineering Associa- 
tion and the Institute of the Aeronautical Sci 
Edited by Heinz 
University of California, 
Institute of Transportation and Traffic Engineer- 
ing, University of California, 1953. 109 pp., illus., 
$2.00 

Contents: Preface, John H. Mathewson. Pref 
ace, Harold Luskin Introduction, John R 
Poppen. Aircraft Performance in the Foreseeable 
Edgar Schmued Crew Compartment 
Atmosphere, Charles F. Lombard Thermal 
Stresses in the Modern Aircraft, Konrad J. K 
Buettner 


ences, Los Angeles Section 


Haber Los Angeles 


diagrs., figs 


Future 


Limitations to Noise and Vibration 
Control, Stanley Lippert 
High Altitude Aviation 
The Mechanical Environment in the Future .Air 
craft, Heinz Haber Impact and Dynamic 
Response of the Body, Herman P. Roth View 
point of the Military Test Pilot, Charles E 
Yeager 


Radiation Hazards in 


Cornelius A. Tobias 


Viewpoint of the Commercial Trans 
port Pilot, C M. Christenson 

Physiological Stresses, W. V. Blockley 
teristics of the Human Operator, John H. Lyman 
Pilot Fitness 


Combined 
Charac 


Development and Maintenance 
Lawrence E. Morehouse 
Control 


Data Presentation and 
Stanley N. Roscoe Non 
Transferable Functions, Neil D. Warren. The 


Devices 


Electronic Assist, Robert J. Shank. Engineering 
the Cockpit for the Man, Alfred M. Mayo. Real 
ity in Research, Joseph Kaplan 
sion on Frontiers of Man-Controlled Flight. In 


Panel Discus 
dex 


CONTROL SYSTEMS 


Discontinuous Automatic Control. 
Fliigge-Lotz 


Irmgaard 
Princeton, N.J., Princeton Uni 
$5.00 

In automatic control systems discontinuously 


versity Press, 1953. 168 pp., figs 
working elements (on-off controls) are widely 
used. Their principal advantage is derived from 
their simple construction, but they produce com- 
plicated phenomena in the controlled system 
Mechanical systems that have restoring forces, 
other than that of the control device, form the 
subject of this monograph. The theory is suffi 
ciently developed to allow the design of discon- 
tinuous control systems with optimum efficiency 
Their motions under the influence of discontinu 
In Chapter 8 
the longitudinal motion of a missile under position 


ous controls are studied in detail 


The methods and 
results are not restricted to méchanical systems, 


control is studied in detail 


but they apply also to thermodynamic and elec- 
trical systems. The only assumptions made are 
that the uncontrolled motion should be described 
by a linear differential equation or by a system 
of such equations. In other words, the uncon- 
trolled motion should be represented by the 
superposition of damped or undamped sinusoidal 
oscillations or by exponential functions Dr 
Fliigge-Lotz is associated with Stanford Uni 
versity 


HELICOPTERS 


Helicopter Operation and Design Require- 
ments. A condensed record of the symposium 
held during the Sixth Annual Technical Confer- 
ence of JATA at Puerto Rico in April, 1953 
(Doc. Gen. 1357.) 
Transport Association, 1954 


Montreal, International Air 
183 pp. $6.00 
This book is the product of a meeting held by 
IATA in which designers and manufacturers 
participated in an exchange of information with 
present and potential users of helicopters, armed 
forces, government agencies, research laboratories, 
and others, on the basis of an exhaustive and co 
ordinated questionnaire agenda. The conclusions 
of the Symposium, which have since been en 
dorsed by the IATA Technical Committee as a 


For Information on IAS 
Library Service Facilities, 
| see page 99 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 
those of the Institute. 


list of priorities for further development of the 


machine in scheduled transport, form an impor- 
tant part of the record. A valuable feature of the 
book is formed by the chapters devoted to the 
economic and physical characteristics of heli- 
copter operations as they will affect heliports and 
other landing areas, zoning and similar matters 
of interest to city planners, municipal authorities, 
local transport operators, and the like 


MATERIALS 


Materials and Processes. James F. Young 
2nd Ed. New York, John Wiley & Sons, Inc., 
1954. 1,074 pp., illus., diagrs., figs. $8.50 

As in the first edition, published in 1943, the 
emphasis has been placed on presenting a broad 
study of engineering materials and manufacturing 
processes from the viewpoint of the engineer 
New chapters have been added on Metallographic 
Examination; Structure and Properties of Non- 
metallic Materials; Rubber; Ceramics, Porcelain, 
and Glass; Nonmetallic Ma- 
terials; and Statistical Methods Useful in Quality 
Control. Sections have been added on Tarnish- 
ing, Electric Contacts, and Nondestructive Test- 
ing. The coverage has been expanded on many 


Miscellaneous 


subjects, such as bearing metals, superalloys, non- 
ferrous elements, blow molding, shell molding, 
and pressure welding. Bibliographies are included 
for readers desiring specialized treatments. 
The volume is one of a series written in the inter- 
est of the General Electric Engineering Educa- 


tional Programs. 


MATHEMATICS 


Stability Theory of Differential Equations. 
Richard Bellman New York, McGraw-Hill 
Book Company, Inc., 1953. 166 pp., figs. $5.50 

This graduate text furnishes an introduction to 
the modern theory of stability and asymptotic 
behavior of solutions of linear and nonlinear dif- 
ferential equations The linear equation with 
almost-constant coefficients is 
treated in great detail, using matrix theory. To 
make the book as self-contained as possible, the 
results in matrix theory required for stability 
theory are derived from the beginning, assuming 


constant and 


no previous acquaintance with matrix theory 
The results of the linear theory are used to derive 
results of Poincaré and Liapounoff concerning the 
stability of nonlinear systems. Following this, a 
survey of the important results concerning the 
boundedness, stability, and asymptotic behavior 
of second-order linear differential equations is 
presented. The last two chapters are devoted to 
some important nonlinear differential equations 
whose solutions may be completely described as 
far as asymptotic behavior 7S’ concerned. The 
author, who is with The RAND Corporation, has 
provided brief bibliographies at the ends of chap- 
ters. 


RESEARCH 


Research Operations in Industry. Papers de- 
livered at the 3rd Annual Conference on Indus- 
trial Research, June, 1952, with Selected Papers 
from the lst and 2nd Conferences. Sponsored by 
the Department of Industrial Engineering, 


Columbia University. David B. Hertz, Editor. 
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Albert H. Rubenstein, Assistant Editor. New 
York, King’s Crown Press, 1953. 453 pp. $8.50 


Listed below are the papers presented at the 
3d Conference: The Design of Research Projects 
and Programs, Waldo H. Kliever Manage 
ment’s Appraisal of Industrial Research, Don G. 
Mitchell. Preparing Research Budgets, Robert 
N. Anthony Designing Conveniences for Re- 
search, Ralph Thomas Walker Planning a 
Large Medical Research Center, Albert F. Siepert 
Introduction to the Concept of the Designed 
Experiment, Russell A. Ackoff. The Growth of 
Experimental Design in a Research Laboratory, 
John W. Tukey. Principles of Experimental De- 
sign, W. J. Youden. Phases of Operations Re 
search, C. West Churchman. Some Applications 
of Operations Research in Industry, O. W 
Hamilton. Organizations of Operations Research, 
Philip M. Morse. Some Comments on Opera 
tions Research, R. T. Eddison. Communication 
of Research Information between Large Groups, 
Eugene W. Scott Design for Research Com 
munications, Albert H. Rubenstein. Technical 
Information Services for Business, John C. Green 


ROCKETS 


High-Altitude Rocket Research. Homer E 
Newell, Jr. New York, Academic Press, Inc, 
1953. 298 pp., illus., diagrs., figs. $7.50. 

The primary aim of this book is to bring before 
the reader the principal results of upper-air 
rocket research which have been published in the 


unclassified literature during the past six or seven 
years. Enough background information is pro- 
vided to enable the reader to understand the ex- 
periments described and to see in a broad way the 
overall significance of the results. The scope of 
the review is limited to rocket-borne experiments 
and no attempt is made to cover the whole field 
of upper air research The first chapter gives a 
brief sketch of the upper atmosphere, an outline 
of the history of rockets, and an introductory re 
view of this country’s upper-air rocket program 
Chapters 2 and 3 discuss in a general way re 
search and instrumentation techniques, and ex- 
perimental difficulties peculiar to rockets. Illus- 
trative examples are taken from actual rocket 
flights and experiments, and key equipments 
such as telemeters are described. Beginning with 
Chapter 4, published results of the rocket upper 
air program are presented Each chapter treats 
of a single subject, as follows: atmospheric winds, 
solar radiation, atmospheric composition, the 
ionosphere, cosmic rays and _ high-altitude 
photography. The experiments and results are 
reported without detailed critique, but an attempt 
is made to bring out the sources of error in each 
case and their significance References to avail- 
able unclassified literature are given at the ends 
of chapters. The WAC Corporal, V-2, Aerobee 
and Viking rockets are described, and all the up- 


per-air research firings conducted by U.S 
agencies from early 1946 to December 31, 1952 
are listed. The author is Head, Rocket-Sonde 
Research Branch, Naval Research Laboratory 


Washington, D.C 
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THERMODYNAMICS 


Flames; Their Structure, Radiation, and Tem- 
perature. A. Gaydon and H. G. Wolfhead 
London, Chapman & Hall Ltd., 1953. 340 pp., 


illus., diagrs., figs. 55s 

This text forms a fairly advanced discussion of 
that part of the field of combustion concerned with 
stationary flames, with emphasis on the physical 
rather than the chemical point of view. Quantita 
tive measurements are made use of, but purely 
mathematical discussion has been avoided Dr 
Gaydon is associated with the Chemical Engineer- 
ing Department of the Imperial College; Dr 
Wolfhead is Principal Scientific Officer, Royal 
Aircraft Establishment 


Contents (1) Introduction 2) Premixed 
Flames (3) Flow Patterns and Flame Shapes 
4) Measurements of Burning Velocity 5) The 


Mechanism of Flame Propagation 6) Diffusion 
Flames. (7) Unstable Flames. (8) Solid Carbon 
in Flames. (9) Radiation Processes in Flames 
10) Flame Temperature: I, Measurement by 
the Spectrum-line Reversal Method 11) Flame 


Temperature II, Other Methods of Measure 


ment. (12) Flame Temperature: III, Calculated 
Values. (13) Ionisation in Flames 14) Some 
Unusual Flames (15) Some Flame Problem 

References (10 pages). Author Index. Subject 
Index 


The Earth's Atmosphere 


Second International Aeronautical 
First Convertible Aircraft Congress Proceedings 


Second Convertible Aircraft Congress Proceedings 


Special IAS Publications 


Sixteenth Wright Brothers Lecture—Technical Trends in Air Transport, William Littlewood ential 
from the April, 1953, JOURNAL OF THE AERONAUTICAL SCIENCES) 


H. E. Roberts, including 20- by 16-in. colored chart (Reprinted from the 
October, 1949, AERONAUTICAL ENGINEERING REVIEW). 


Index to Books on Selected Technical Subjects in the [AS Library (up to 1950), unbound 


ba od Years of Flight"—A Chronicle of the Aviation Industry in America, 1903-1953, Welman A. 
1 (Published by Eaton Manufacturing Company. 


*Add $1.00 for orders outside the U.S.A. 


These may be obtained by writing to 


Publications Department, Institute of the Aeronautical Sciences, Inc., 2 E. 64th St., New York 21, N.Y. 


Reprinting and Distribution Rights C Granted to 


Member Nonmember 
Rate Rate 

$ 3.00 $ 5.00* 
3.00 5.00* 
3.00 5.00* 

00 1.50 

2.00 9.00* 

4.50 5.00 
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| 
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Ne ineers 


mechanical « electrical - aeronautical 


The Aircraft Nuclear Propulsion Department of the General 
Electric Company, now engaged in the design and develop- 
ment of a propulsion system for nuclear aircraft, offers 
far-reaching opportunities in this great new field. 


Positions are open for engineers with experience in the following: 


MECHANICAL DESIGN 
THERMODYNAMICS 


AERODYNAMICS 


STRUCTURAL DESIGN AND ANALYSIS 


Bachelors or advanced degrees in Mechanical, 
Electrical, or Aeronautical Engineering with 
experience in design, development or testing. 


Please send resume to: Department 0-6, Technical Personnel 


GENERAL @@ ELECTRIC 


Aircraft Nuclear Propulsion Department Atomic Products Division 


P.O. BOX 132 


CINCINNATI 15, OHIO 


DESIGNERS 
STRUCTURES BALLISTICS AERODYNAMICS 


AIRCRAFT ARMAMENTS’ development engineering program con- 
tinues to offer outstanding opportunities to DESIGNERS in its expand- 
ing Structures and Aerodynamics Department. The men we are par- 
ticularly interested in attracting to our company may have acquired 
their technical background in STRUCTURES, DYNAMICS, ME- 
CHANICS, AERODYNAMICS or related fields of technical specializa- 
tion. They should be interested in and capable of assuming project 
structures and dynamics design responsibility in a program which in 
cludes development of guns, bombs, ammunition, launchers, aie 
vehicles and accessory equipment. 

If you are a DESIGNER, or have the technical qualifications and basic 
experience, and want the opportunity for substantial new design re- 
sponsibilities, AIRCRAFT ARMAMENTS, Inc., may be the company 
for you. Address complete data on training, design experience and 
your interests to 


D. J. WISHART, IRCRAFT 
ARMAMENTS 
INC. 


P. O. BOX 1777 
BALTIMORE 3, MARYLAND 


When you write to manufacturers whose advertising appears 
in the 
Aeronautical Engineering Review, 
it will be of interest to the companies 


and of benefit to the Institute if you mention that you saw it 


in the 


| Aeronautical Engineering Review 


RAYTHEON MANUFACTURING CO. 
RAYTHEON MISSILE 


DIVISION 


AERONAUTICAL AND MICROWAVE ENGINEERS 
If you are qualified it will be to your advantage to 
investigate these openings in the Guided Missile and 
Airborne Radar field. 


SENIOR STRUCTURES ENGINEER 


Experience: 8-10 years in missile or airframe structural 
analysis, design, and testing. 

Must be capable of supervising and planning structural 
design projects involving missiles, airborne electronic 
equipment and airframe modification. 


MISSILE AND RADAR DIVISION is located in new ultra modern 
facility, Bedford, Mass. Geographical location, 15 miles from 
Boston, provides a choice of urban or rural living, together with 
the finest cultural, recreational and research facilities. Fine 


homes available. Moving expenses paid. 


Please write, giving particulars concerning 
education and experience to 


Personnel Division 


RAYTHEON MANUFACTURING COMPANY 
190 Willow Street, Waltham, Mass. 


| 
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Engineered for 
Extreme 
Efficiency 


tw NEW AN- 


ENGINEERING 


Environment Resistant 


Bendix Electrical Connector 


The challenge to protect sensitive air- 
borne electronic circuits from thermal 
shock, surface condensation and ex- 
treme vibration has been successfully 
met by Bendix engineers in this new 
spaced grommet “E” connector. 

This connector is not only designed 
for performance, but is also engineered 
for your production needs. The open 


space in the solder-well area provides 


ample room for all assembly and solder- 
ing operations. Moisture-proofing is 
accomplished without the use of potting 
compounds, permitting completely serv- 
iceable aircraft harness installations. 

These features are all accomplished 
with no appreciable increase in weight 
over an AN-A/B connector with a 
cable clamp. 


Complete information on request. 


REVIEW 


-APRIL, 


DESIGNERS 


for COMPARATIVE AND 
ULTIMATE STRENGTH 
TESTS, ETC 


INSPECTION 


of PARTS AND 
ASSEMBLIES, ETC 


LABORATORY 
TESTING 


of SCREWS 
SOCKETS 
TAPS 
tOCK NUTS 
DRIVING BITS 
HAIR SPRINGS, ETC 


PRODUCTION 
QUALITY 
CONTROL 


for DELICATE OPERA 
TIONS, ASSEMBLY OF 
FRAGILE MECHANISMS 
OR INSTRUMENTS; FOR 
FASTENERS IN PLASTICS 
AND LIGHT METALS 


SCINTILLA DIVISION of 


SIDNEY, NEW YORK 


Torque Testing 
FIXTURE 


A universal fixture with 1000 
uses. Holds driver in accurate 
alignment; in instrument bear- 
ings. Provides rapid engage- 
ment with test sample...torque 
is applied and measured with 
Sturtevant Torque Wrench. 
Model TTF'4 Capacity 0-200 in. Ibs. 
Model TTF!/2 Capacity 0-150 ft. Ibs. 


Write for Bulletin TF 


ADDISON [QUALITY] /LLINO/S 


AVIATION CORPORATION 


e It takes tough, heat- 
resistant bolts to withstand 
the temperatures of mod- 
ern jetengines. Today, The 
H. M. Harper Company is 
manufacturing fastenings 
of such modern high tem- 
perature alloys as Disc- 
aloy, Refractaloy, A-286, 
and stainless steel. If you 
require fastenings to with- 
stand high temperatures, 
corrosion, excessive wear, 
or other extreme condi- 
tions, call Harper. Infor- 
mation on request. 


THE H. M. HARPER COMPANY 
AERO DIVISION 

8282 Lehigh Avenue 

Morton Grove, Illinois 


1954 


Specialists in 
High Temperature 
Fastenings of 
REFRACTALOY 
A-286 

INCONEL 
DISCALOY 
HASTELLOY 
19-9-DL 

GREEK ASCALLOY 
TITANIUM 
STAINLESS STEEL 


HARPER 


DIVISION 
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Personnel Opportunities 


Wanted 


Aeronautical or Mechanical Engineer— Gradu- 
ate mechanical or aeronautical engineer to conduct 
experimental research in fields of fluid flow and 
combustion. Company is engaged in develop 
ments in welding, oxygen cutting, and use of in- 
dustrial gases for metallurgical processing. This 
is @ permanent position in a company located in 
north central New Jersey Please submit com 
plete résumé of professional and personal back- 
Reply will be held confidential Ad- 
dress replies to: Air Reduction Research Labora 
tories, Murray Hill, N.J 
Department 


ground 
Attention: Personnel 


Chief of Aerodynamics and Dynamics— Bell 
Aircraft Corporation Helicopter Division 
located conveniently to Fort Worth and Dallas 
Tex., requires an engineer-scientist to head its ex 
panding aerodynamics and dynamics groups 
The man we are seeking should have a minimum 
of 5 years’ experience in rotary-wing aircraft or 
an allied technical field He should be com- 
petent in the fields of general and rotary-wing 
aerodynamics, stability, performance, mechanics 
and vibrations analysis, and familiar with 
modern computational aids and methods. The 
position requires responsivility for the overall 
guidance of our work in the fields indicated In 
addition, the man selected will be expected to 
train and develop engineers under his super- 
vision for positions of increased responsibility 
Salary commensurate with ability and quali- 
fications Please reply, forwarding résumé to 
Harry M. Miller, Manager, Engineering Per 
sonnel, Bell Aircraft Corporation, Fort Worth, 
Tex 

Engineers—-Tne U.S. Naval Air Rocket Test 
Station has several vacancies in the Engineering 
Department: Electronic Engineer-—GS-9, $5,060 
per annum, Duties: As an engineer in the de 
velopment section of the instrumentation branch 
of the power-plant division, designs and develops 
new instrumentation systems and modifies exist- 
ing systems used in testing rockets or associated 
Electronic Engineer—GS-5, $3,410 
Duties 


components 


per annum As an engineer in the de 
velopment section of the instrumentation branch 
f the power-plant division, installs instrumenta- 
tion and calibrates and op-rates instrumentation 
n existing rocket testing installations. Assists in 
the design and layout of new instrumentation 
Electronic Engineer.—GS-9, $5,060 per 


Duties: Project engineer in the installa 


systems 
innum, 
tion section of the instrumentation branch of the 
power-plant division Designs new instrumenta 
tion systems and modifies existing systems used in 
testing rockets or associated components Di- 
ects and supervises other ‘members of the instru 
mentation branch in installing, calibrating, and 
Electronic 

Duties 


perating instrumentation systems 
Engineer—GS-7, $4,205 per annum 
\s an engineer in the installation section of the 
nstrumentation branch of the power-plant divi 
sion. cooperates in the design of new instrumenta- 


m and modification of existing testing facilities 


orms experiments on instruments and allied 
‘quipment to ascertain characteristics of same 
General Engineer (Editing)—-GS-9, $5,060 per 
innum. Duties: Head of the technical publica- 
tions branch of the engineering services division 
f the engineering department. Responsible for 


‘diting, compiling, preparing for publication, and 


This section is for the use of individual members of the Institute seeking new connections and 
eS organizations offering employment to Aeronautical specialists. Any member or organiza- 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


distributing of all technical reports issued by the 
engineering department General Engineer 
(Editing)—-GS-7 $4,205 per annum Duties 
Technical editor in the technical publications 
branch of the engineering services division of the 
engineering department. Responsible for assist- 
ing the Branch Head in editing, compiling, and 
preparing for publication all technical reports is- 
sued by the engineering department. Engineer- 
ing Draftsman—GS-6, $3,795 per annum. Du- 
ties: As a design draftsman in the design branch 
of the power-plant division, originates designs 
and layouts relating to the mechanical design of 
experimental rocket engines, rocket engine acces- 
sories, and rocket engine test facilities. Chemical 
Engineer—GS-11, $5,940 per annum. Duties: 
Project engineer and assistant to head of special 
projects branch of the propellant division. The 
special projects branch is concerned with the 
theoretical performance of liquid and solid pro- 
pellant systems, advanced thermodynamics, 
chemical kinetics of combustion and explosion 
processes, and other problems concerning pro 
pellants when used for rocket propulsion 
Mechanical Engineer—GS-9, $5,060 per annum 
Duties: As an engineer in the propellants division, 
conducts projects relative to the test and evalua- 
tion of liquid propellants for rocket engines. Ap- 
plicants should complete Standard Form 57, ap- 
plication for Federal Employment, which is avail 
able at any Post Office, and forward to the In- 
dustrial Relations Officer, Industrial Relations 
Department, U.S. Naval Air Rocket Test Station 
Lake Denmark, Dover, N.J 

Professor or Instructor—To teach undergradu- 
ate and graduate courses in structural and stress 
analysis and aeroelasticity or design. Advanced 
degree and some industrial experience desirable 
Opportunity for research. Salary and rank de- 
pendent upon qualifications. Address inquiries, 
including résumé of education and experience and 
photograph, to Director, Guggenheim School of 
Aeronautics, Georgia Institute of Technology, 
Atlanta, Ga. 

Fluid Dynamicists—The Applied Physics Lab- 
oratory of The Johns Hopkins University, located 
in Silver Spring, Md. (suburban Washington), has 
several research positions open for theoretical and 
experimental fluid dynamicists. Qualified ap- 
plicants may find an opportunity for basic re- 
search in hypersonic flow, shock-wave phenomena 
turbulence, and some other fields of fluid dy- 
namics 

Assistant to Manager—-The Trane Company, a 
leading manufacturer of air conditioning, heating 
ventilating, and heat-transfer equipment, has 
unusual opening for young graduate engineer 
Applicant must have interest in heat-transfer en- 
gineering and sales management plus 2 to 5 years 


experience in aircraft systems or components of 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 
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systems. Excellent opportunity to advance with 
growing concern. Submit résumé to: The Trane 
Company, La Crosse, Wis. Attention: D. B. 
Reed. 


563. Sales Engineers—Well-established Los 
Angeles manufacturer of hydraulic and electro- 
mechanical equipment for aircraft has openings 
both in the Los Angeles and mid-west areas for 
sales engineers. Please furnish complete informa- 
tion regarding salary requirements, experience, 
education, and background in first letter. Mini- 
mum of 5 years’ aircraft design experience desir- 
able but not mandatory 


Available 


576. Engineering Designer—B.S. Aeronau- 
tical Engineering. Conscientious young engineer 
with 3!/2 years’ experience in rotary-wing design 
seeks an interesting and challenging position with 
a progressive organization. Experienced in air- 
frame design and layout and electronic equip- 
ment installation. Also good knowledge of stress 


analysis and some technical report writing. 


575. Aircraft Engineer (British)—Age 36. 
A.R.Ae.S., A.M.S.L.A.E., MIAS. Eighteen 
years’ aircraft experience includes: 5 years of 
A.I.D. inspection on production, experimental 
ground and flight testing engines, propellers, and 
power plants. Three years in complete charge 
aircraft repair and overhaul shops British and 
American naval aircraft. Eight years as Techni- 
cal Officer and Aircraft Surveyor to group of in- 
surance companies dealing with accident surveys, 
repair negotiations, liaison, and outside representa- 
tion. Extensive knowledge of aviation insurance, 
international air law, regulations, and organiza- 
tions. Permanently commissioned as Lt. Com- 
mander, Royal Naval Volunteer Reserve. Seek- 
ing position where past experience may be fully 
utilized, preferably in or adjacent to Tropics (sta- 
tioned in India during war). Full details will be 
air mailed immediately upon receipt of application. 


574. Executive Engineer—B.S. in Ae.E. Age 
36 Registered Professional Engineer. Fifteen 
years’ experience in industry and Government as 
structures engineer and supervisor. Presently 
Chief of Structural Criteria, Air Force Develop- 
ment Center. Experienced in engineering super- 
vision, contract administration, budgeting, re- 
search, and general management Desires 
position as executive or staff engineer or engineer- 
ing manager in organization with future possibil- 


ity at management level. 


573. Engineer—B.S., 1940 
perience with multiengined aircraft, mechanical 


Extensive ex- 


and structural. Two years in research and de 
velopment of gas turbines. Held AEDO billet 
with BuAer for 4 years. Six thousand hours mul- 
tiengined logged. Desires connection with manu- 
facturer as engineer preferably in development, 
with possibility of some piloting. Age 35. 


572. Professor—Presently supervising struc 
tural analysis program of large aircraft manu 
facturer. Available to teach in September. Ex- 
tensive teaching and industrial experience in air- 
craft structures, design, and helicopter aerody 
B.Ae.E., M.S., P.E 


line of position available and salary schedule 


namics Please furnish out 
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Lockheed 
in California 


calling 


30 AERONAUTICAL ENGINEER 


AERO- 


DYNAMICISTS and 


AERO- 


DYNAMICS ENGINEERS 


NG REVIEW 


to work on 


These career positions have been created by Lockheed’s program of 
diversified development — a program that means more scope for your 
ability and more opportunity for promotion because it is diversified. 


In addition to more 
opportunity, you receive 


nuclear energy 
jet transports 
super-sonic fighters 


continuing development of the Super 
Constellation and other production models 


increased pay rates now in effect 
generous travel and moving allowances 


the chance for you and your family to 
enjoy life in Southern California 


Lockheed invites qualified aerodynamicists and aerodynamics engineers 


to apply for these positions. Coupon below is for your convenience. 


LOCKHEE 


AIRCRAFT CORPORATION 
BURBANK, CALIFORNIA 


Mr. E. W. Des Lauriers, 

Engineering Recruiting, Dept. AER-A-4 
Lockheed Aircraft Corporation 
Burbank, California 


Dear Sir: Please send me an application form and illustrated 
brochure describing life and work at Lockheed in California. 
wm OD 


my name 
KA 


my street address 


my city and state 


| 
| 
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571. Advertising & Public Relations 
Manager—B.S. in Engrg./Business Admin 
MBA in Marketing. Age 34. Ten years’ progres 
sive experience in all phases of industrial promo 
tion: program planning, budgeting and admin 
istration, agency and media liaison, space and 
promotional copy planning, writing and editing 
pamphlets and brochures, technical publicity 
Press industry and Government relations 
Licensed pilot, mechanic, and radio operator with 
background in aviation equipment, radio, and 
electronics, air transport. Desires position offer 
ing greater responsibilities and opportunity for 
advancement 


570. Mechanical Engineer—B.5 Deyree 
Thirteen years of varied experience in the de 
velopment of aircraft and missile propulsion 
tems and in the development of facilities and in 
strumentation for testing propulsion systems 
This includes 3 years of supervisory and admin 
istrative experience Would like to associate 
with a progressive organization ina position that 
will utilize past engineering experience but w 
also provide an outlet to utilize a strong interest 


and training in general management work 


Résumé on request All inquiries will be an 
swered. 

569. Gas Turbine Engineer—B Sc A ve 
30 Six years’ experience in experimental re 
search, aerodynamic design, and performance 
analysis of British jets and turboprops Pre 
ently in United States Seeks responsible p« 
in industry or university research center Com 
plete résumé and list of publications on request 


568. Aeronautical Engineer—M.S. and 
fessional Degree in Aero. Engrg. Presently work 
ing toward Ph.D. Fifteen years’ varied experi 
ence includes conception planning, supervision 
and shovel work in Research and Development 
programs Conducted theoretical and exper 
mental studies in fluid dynamics, wind-tunnel 
techniques, experimental flight test, and aircraft 
and missile design. Author of numerous technical 
papers and reports. Wishes to apply wide, sound 
background, along with a liking for unusual prob 
lems, to research and development work within 
commuting distance of New York, preferably in a 
consulting capacity. Full details will be included 
in reply 


567. Aeronautical Engineer—B.Aec.E., M. Ae 
E., M.Bu.Ad., registered, experienced in research 
design, and development of all types of aircraft 
and guided-missile propulsion systems, diversified 
experience including supervisory positions in ir 
dustry and Government Desires management 
position in aeronautics or related fields Mini 
mum salary, $12,000 


566. Aeronautical Engineer—B.S in 
Nineteen years’ aircraft engineering experience 
weight, stress, design, and project engineer on 
fixed and rotating wing aircraft. Desires position 
in the East where the above experience will b« 
useful but not essential in making further ad vance 


ment. Presently employed 


565. Aeronautical Engineer—B.S. and M.S. i 
Aeronautical Engineering Age 33 Four and 
one-half years’ experience with Air Force in wind 
tunnel research at transonic and low supersonic 
speed range Conducted research on aerody 
namics of lifting surfaces, stability and control of 
aircraft and missiles, development of transonic 
test section, and shock-wave cancellation De 
sires responsible position in applied research or 
education (or combination) in aerodynamic 
Detailed résumé furnished on request 


564. Aeronautical Engineer—A.R Ac.S., M.1 
A.S., and British A.R.B. licenses. Fifteen years 


total and 10 years’ senior executive aviation ex 


perience; requires a change and would be glad to 


hear if his services can be usefully absorbed. Con 
siderable experience with aircraft, equipment, and 


men, military and civil. Age 36 
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AERONAUTICAL 


ENGINEERS 


The APPLIED PHYSICS 
LABORATORY OF THE 
JOHNS HOPKINS UNIVER- 
SITY offers an exceptional 
opportunity for professional 
advancement in a well-estab- 
lished laboratory with a repu- 
tation for the encouragement 
of individual responsibility and 
self-direction. Our program of 


GUIDED MISSILE 
RESEARCH AND DEVELOPMENT 


provides such an opportunity 
for men qualified in: 


SUPERSONIC MISSILE DESIGN 


WIND TUNNEL TESTS AND 
DATA ANALYSIS 


RAMJET DESIGN AND ANALYSIS 
MISSILE SYSTEMS DEVELOPMENT 


FLIGHT TEST PROPOSALS AND 
DATA ANALYSIS 


Please send your resume to 
Glover B. Mayfield 
APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 


8621 Georgia Avenue 
Silver Spring, Maryland 


UNUSUAL 
OPPORTUNITIES 


FOR QUALIFIED ENGINEERS 


Join the happiest aircraft family in sunny 
San Diego. Outstanding employee benefits 
including profit-sharing, low-cost group 
insurance and medical care, free polio 
insurance for yourself and family, paid 
tuition for university night school courses, 
periodic salary merit and adjustment re- 
views, paid vacations, transportation al 
lowance, and many others 


JET ENGINE ANALYST 


Responsible position for qualified engi 
neers with strong aero-thermo back 
ground, familiar with turbojet engine 
cycle analysis, and capable of determining 
engine performance parameters at various 
flight speeds and altitudes Must be 
graduate engineer with minimum of 3 to 5 
years’ experience in aircraft gas turbine 
field 


MECHANICAL DESIGN 
ENGINEER 


Requires mechanical engineering degree 
and five years’ experience in design of gas 
turbines or similar type machines. Must 
be capable of making layouts of complete 
parts and components taking into consid 
eration manufacturing costs, weight, 
stress, mechanics and production prob 


lems. 
WRITE TO 


SOLAR WY 


AIRCRAFT COMPANY 


2200 PACIFIC HIGHWAY 
SAN DIEGO, CALIFORNIA 


is offered for intelligent, imagina- 
tive engineers and scientists to join 
the staff of a progressive and self- 
sustaining, university-affiliated re- 
search and development labora- 
tory. We are desirous of ex- 
panding our permanent staff in 
such fields as design studies of ad- 
vanced supersonic aircraft, ana- 
lytical and experimental studies of 
ceroelasticity, helicopters, aircraft 
structures, control and stability, 
large scale wind tunnel testing, 
and in various other applied 
research fields of aeronautics. 
Salary structure and bene- 

fit programs are on a par 

with industry. In addition, 

there are many tangible 
advantages, such as our 
self-sponsored internal re- 

search policy, of interest to 

men with ingenuity 

and initiative. 


CORNELL AERONAUTICAL 
LABORATORY, INC. 


BUFFALO 21, NEW YORK 
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For 


MISSILE PROPULSION 
SYSTEMS 


we need 


MECHANICAL DESIGNERS 
STRESS ANALYSTS 
VIBRATION ANALYSTS 
DESIGN DRAFTSMEN 


A background in gas turbines 
is particularly desirable. 


For 


GUN DEVELOPMENT 


we need 


RESEARCH ENGINEERS 


with extensive experience in_ interior 
ballistics and ordnance design at the 
Project Engineer level. 


This is an 


OPPORTUNITY 


for personal growth with a rapidly ex- 
panding company under attractive work- 
ing conditions and unusually liberal em- 
ployee benefits. All inquiries will be 
treated confidentially. 


EXPERIMENT INCORPORATED 


Richmond 2, Virginia 


ENGINEERS 


needed to 
work on new 


Grumman, nearing its 25th Anniver- 
sary, needs engineers to work on its 
new experimental light-weight Naval 
fighter, plus other jet fighters, anti-sub 
planes, and amphibians. Grumman 
has openings for experienced aircraft 
engineers, and recent engineering 
graduates. 


LAYOUT DESIGNERS AND DRAFTSMEN 


Airframe Structures 
Equipment Installation 
Detail Drafting 


FLIGHT TESTING 


Planners 
Analysts 
Computers 


HYDRAULICS 
Systems Design 
Testing 
STRUCTURES 


Stress Analysis 
Static Testing 
Applied Loads 


Send resumés to Engineering Personnel Dept. 
Interviews at Employment office. 


GRUMMAN AIRCRAFT 
ENGINEERING CORPORATION 


BETHPAGE « LONG ISLAND « NEW YORK 
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OF THE 
NATION'S VITAL DEFENSE PROGRAM. Sandia 
Corporation is engaged in the development 
and production of atomic weapons—a chal- 
lenging new field that offers opportunities in 
research and development to men with Bach- 
elor's or advanced degrees, with or without 
applicable experience. Here you can work 
with able colleagues, inent ¢ Itants and 
superior facilities on advanced projects of high 
importance — and also build a permanent 
career in a rapidly expanding field with a 
company that recognizes individual ability and 
initiative. 


LIVE IN ALBUQUERQUE, THE HEART OF 


THE SUNNY SOUTHWEST. Located in the his- 
toric Rio Grande Valley at the foot of the 
Sandia Mountains, mile-high Albuquerque is 
famous for its climate—mild, dry and sunny 
the year around. A modern, cosmopolitan 
city of 150,000, Albuquerque offers unique 
advantages as a place in which to live. Albu- 
querque's schools, churches, theaters, parks, 
and modern shopping. facilities afford advan- 
tages of metropolitan life—yet hunting, fish- 
ing, skiing and a multitude of scenic and 
historic attractions may all be found within 
a few hours’ drive of the city. New residents 
have little difficulty in obtaining adequate 
housing. 


= NJO THESE OTHER IMPORTANT 


ADVANTAGES. These are permanent positions 

with Sandia Corporation, a subsidiary of the 

Western Electric Company, which operates 

Sandia Laboratory under contract with the 

Atomic Energy Commission. Working conditions 

are excellent and salaries are commensurate 
with qualifications. Liberal employee 
benefits include paid vacations, sickness 
benefits, group life insurance, and a 
contributory retirement plan. This is 
not a Civil Service appointment. 


lication 
sake “ARP 
PROFESSIONAL EMPLOYMENT 


DIVISION E 


SANDIA 


ALBUQUERQUE, NEW MEXICO 


SANDIA BASE 


ENGINEER! 
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A COMPLETE MEDIA PACKAGE 
FOR YOUR 


Aviation Marketing Program 


AERONAUTICAL 
ENGINEERING 
REVIEW 


AERONAUTICAL 
ENGINEERING 
CATALOG 


For your monthly advertising | Prefiles and distributes your 


messages to the aircraft in- | aircraft products catalog to 


dustry’s engineering and design | @viation’s buyers and speci- 


personnel—the men who in- fiers. 


fluence buying. 7,000 copies are distributed 
annually to aircraft engineers, 


designers, technicians and pur- 


AVIATION 

MARKET chasing agents in all leading 
GUIDE aircraft, engine and parts com- 
Now Available! panies, Government aviation 


departments and leading air 


lines. 


24 pages of FACTS on your 


market and REVIEW. 


Write for your free copy of 
12-page MARKET BOOK giv- 
ing full details. 


Write for your free copy 
TODAY! 


OFFICIAL PUBLICATIONS: 


INSTITUTE OF THE 
AERONAUTICAL SCIENCES 


2 East 64th Street New York 21, N.Y. 


= 
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Greater Size and Speed in Ahineraft Wyman-Gordou Experience—the most 


have created engineering problems, the solution of extensive in the industry—is keeping abreast of new 
which has required larger and larger forgings of forging demands involving the use of Steel, Alumi- 
high-strength aluminum alloy. Examples shown num, Magnesium, High Density Alloys and Titanium. 


above are forged structural members used in a e « 7 
modern military bomber, the largest more than 


Standard of the Industry for 
More than Seventy Years 


seven feet over all. These are forged on an 18,000 
ton press, the biggest ever built in this country. 


WYMAN-GORDON 


FORGINGS OF ALUMINUM*® MAGNESIUM*STEEL* TITANIUM 


WORCESTER, MASSACHUSETTS 
HARVEY, ILLINOIS DETROIT, MICHIGAN 
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AERONAUTICAL REVIEWS 


New Products and 
Product Literature 


AIRCRAFT MATERIALS & PROCESSES 


“Etchall’’ Identification Marker. This rubber stamp device imprints with an 
acid stain on all types of metal. Acme Marking Co., Dept., 102, 8030 Lyn- 
don, Detroit 38, Mich. 

Multi-Purpose, Extreme Pressure Lubricant. Bulletin No. 101 describes 
“Molykote,” type BR-2. The Alpha Corp., 179 Hamilton Ave., Greenwich, 
Conn. 

Paramount Brand Felt Products. Descriptive twelve-page catalog. Bacon 
Felt Co., West Water St., Tauton, Mass. 

Anti-Static Solution. Eliminates static charges on aircraft canopies and 
windows. Chemical Development Corp., Danvers, Mass. 

Industrial Cork Products. Descriptive four-page bulletin No. S-54. Dodge 
Cork Co., Inc., Lancaster, Pa. 

“Lebanon’’ Steel Slide Chart. Gives reference data on nineteen carbon and 
low-alloy steels and seventeen stainless and corrosion-resistance steels. 
Lebanon Steel Foundry, 47 Lehman St., Lebanon, Pa. 

Injection Molding of Silicone Rubber Products. Descriptive literature. Dept. 
KP, Minnesota Rubber & Gasket Co., 5724 W. 36th St., Minneapolis 16, 
Minn. 

“Frost Buster.’’ A de-icing compound to remove ice and frost from aircraft. 
Octagon Process Inc., 15 Bank St., Staten Island 1, N.Y. 

Investment Casting Process. Eight-page brochure gives solutions to produc- 
tion of small metal parts problems. Vascoloy-Ramet Corp., Waukegan, III. 


AIRCRAFT PARTS & EQUIPMEN 


Two-Step Time Delay Relay. Descriptive 4-page bulletin No. SR4. AGA 
Div., Elastic Stop Nut Corp. of America, Elizabeth, N. J. 

Aircraft Skin Milling Facilities. Descriptive bulletin includes a complete set 
of data sheets, including number of skin mills available and capacities for 
each. Franklin Balmar Corp., Woodberry, Baltimore 11, Md. 

Copper Plated Gears. Eight-page descriptive brochure. Brad Foote Gear 
Works, Inc., Cicero 50, Ill. 

Seamless Metal Hose. Ten-page descriptive catalog No. 100. Cobra Metal 
Hose Div., DK Mfg. Co., 4640 W. 54th St., Chicago 32, Ill. 

FC5 Flight Control System. Technical descriptive bulletin No. GET-2416. 
General Electric Co., 1 River Rd., Schenectady 5, N.Y. 

Quick Disconnect Cable Unit. A chuck-like locking unit with sliding collar 
eliminates endplay and looseness. Hydraulic Products Co., 80 Federal St., 
Boston, Mass. 

Rotomotive Equipment for Aircraft. Bulletin No. 6014 describes engine 
starters, generators, motors, actuators, etc. Jack & Heintz, Inc., 17600 
Broadway, Cleveland 1, Ohio. 

Mechanical-Electric Translator. For automatic control of r.p.m. of aircraft 
‘_ and helicopter rotors. Kahn & Co., Inc., 541 Windsor St., Hartford 

, Conn. 

“The Lycoming Story.’? Forty-page company brochure describes products, 

functions, and personnel, Lycoming Div., Avco Mfg. Corp., Stratford, Conn. 


USE THESE TEAR-OUT POSTALS TO 
REQUEST ADDITIONAL INFORMATION 
DIRECT FROM THE MANUFACTURER 
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Gyros. Descriptive booklet gives complete information on all rate, vertical, 
cageable vertical and floated gyros. Minneapolis-Honeywell Regulator 
Co., Aeronautical Div., 2600 Ridgway Rd., Minneapolis 13, Minn. 

Lightweight Fuel Gage Systems. Descriptive booklet. Minneapolis-Honey- 
on Regulator Co., Aeronautical Div., 2600 Ridgway Rd., Minneapolis 13, 

inn. 

Tone-Coded Selective Signaling System. Relieves pilots and radio operators 
of constant radio monitoring while airborne. Motorola, Inc., 4545 W. Au- 
gusta Blvd., Chicago 51, Ill. 

8 Oz. Pressure Switch. Operates over a range of pressures (hydraulic or 
pneumatic) from 400 psi to 3500 psi, and an ambient-temperature range of 
—65°F. to +160°F. Prereg Mfg., Inc., 18 Liberty St., Stamford, Conn. 

‘‘Fluorofiex’’-T Hose & Pipe. For handling the new synthetic oils and fuels 
developed for use in jet engines. Resistofiex Corp., Belleville, N. J. 

All-Metal Mounting System. Model K130 isolates individual instruments 
from vibration and shock of airborne operations. Robinson Aviation, Inc., 
Teterboro, N.J. 

Stud & Insert All-Purpose Kits. Each kit contains one size of inserts or studs, 
with locking rings, installation tools, and directions for use. Rosan, Inc., 
625 Coast Highway, Newport Beach, Calif. 

Engineer’s Manual on ‘‘Paneloc’’ Aircraft Fasteners. Fifty-eight page de- 
scriptive catalog No. C-316. Scovill Mfg. Co., Aircraft Fastener Div., 99 Mill 
St., Waterbury 20, Conn. 

All-Metal Clinch Locknuts. A special-purpose fastener for mounting parts or 
assemblies on thin-section material. Standard Pressed Steel Co., Jenkin- 
town, Pa. 

Titanium Bolts. For use in airframe and aircraft engines. Standard Pressed 
Steel Co., Jenkintown, Pa. 

Servo Pumps and Their Application. Nineteen-page descriptive booklet No. 
SE-15. Vickers, Inc., 1400 Oakman Blvd., Detroit 32, Mich. 

Small Electric Brakes & Clutches. For control of low-torque servo drives, 
instruments, etc. Warner Electric Brake & Clutch Co., Beloit, Wis. 


ELECTRONIC & ELECTRICAL EQUIPMENT 


Metalized Ceramic Insulators and Terminals. These units are for hard- 
solder applications, and of use wherever a wide range of temperatures and 
severe thermal shock are encountered. Advanced Vacuum Products, Inc., 
22 Liberty St., Stamford, Conn. 

Folded Hybrid Junctions. This series is essentially a modification of the 
familiar “‘tee’”’ outlet in that the two side arms have been folded back to 
share a common wall. Airtron, Inc., Dept. H, Linden, N. J. 

“‘Circuitry.’? Descriptive bulletin No. 112 explains the functioning of 11 con- 
trol and alarm circuits utilizing meter-relays. Assembly Products, Inc. 
Main at Bell St., Chagrin Falls, Ohio. 

‘“‘Hy-Met”’ High-Temperature Capacitors. These metallized paper capacitors 
feature a solid thermosetting impregnant which eliminates possibilities of 
impregnant leakage. Bulletin No. AB-19. Astron Corp., 255 Grant Ave., 
East Newark, N. J. 

Electronic Chopper. Model 207 operates on a new principle involving the 
modulation of d.c. voltages by alternate illumination at line frequency of the 
photoconductive element in a voltage divider. Avion Instrument Corp., 
299-34 State Highway No. 17, Paramus, N. J. 

“‘Celco”? Radar Deflection Yokes. Rotating and stationary types for PPI 
and rectangular displays. Constantine Radio Laboratories, Mahwah, N.J. 

Pulse Capacitor & Pulse Forming Networks. Bulletin describes design and 
production facilities. Corson Electric Mfg. Corp., 540 39th St., Union City, 
N.]. 


Aircraft Navigation and Communications Equipment. Catalog describes ac- 
cessories and test equipment. Dayton Aviation & Equipment Corp., Van- 
dalia, Ohio. 

Air-Damp Dashpot. For use as a system stabilizer in control mechanisms 
and switchgear. Electric Regulator Corp., Norwalk, Conn. 

Voltage Sensitometer. Designed to protect electronic equipment or controls 
which might not operate properly on low voltage—or might be sensitive 
to voltage fluctuations or failure of the various aircraft power supplies. 
Electronic Specialty Co., 3456 Glendale Blvd., Los Angeles 39, Calif. 

Two-Oz. Miniaturized Permanent Magnet D.C. Motor. Type SS measures 
7/," diam. by 1°/s” long. Globe Industries, Inc., P.O. Box 101, N. Dayton 
Station, Dayton, Ohio. 

Series ‘‘J’’ Single Turn, Continuous-Rotation Potentiometers. Power rating 
is 4 watts at 40°C. ambient; resistance from 2 ohms to 100,000 ohms can 
be provided. Helipot Corp., 916 Meridian Ave., South Pasadena, Calif. 

High-G Power Relay. Designed to operate under the high temperature, 
shock, and frequency vibration found in military aircraft, rockets, and 
guided missiles. Hetherington, Inc., Sharon Hill, Pa. 

Directional Radomes. A new sandwich construction permits the transmission 
of microwaves at any angle of incidence without alteration of polarization, 
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and with or without change of direction. McMillan Laboratory, Inc., 28 ¢ 2 & : 
Central St., Ipswich, Mass, 5 ee, 
Environment-Proof Switches. These hermetically sealed units are designed \ 5 ; ; 
; for use in exposed locations in aircraft. Micro Div., Minneapolis-Honeywell = < z - 
Regulator Co., 11 W. Spring St., Freeport, Ill. 4 re} : 
Midget Chopper. This two-ounce unit can be used either as a d.c.-a.c. modu- fo = 5 : 
lator or as a rectifier. Minneapolis-Honeywell Regulator Co., Aeronautical ° 
Div., 2600 Ridgway Rd., Minneapolis 13, Minn. 
Epoxy Type Electrical Insulation Resin. Has a usable life of from three to five =| Z, : 
days before setting up. Minnesota Mining & Mfg. Co., 900 Fauquier St., ° jal : ad 
St. Paul 6, Minn. 
Slot Wedges & Brush Tubes for Electric Motors. Withstands continuous a) Z. 1 fa 
S | operating temperatures to 650°F. Mycalex Corp. of America, Clifton Blvd., ~ fx Ne Or 
: 200°C. Miniaturized Capacitor. Capacitance variance is less than 5% from | | : : 
’ —80°C. to +200°C. National Capacitor Co., 385 Washington St., Quincy, 5 = < : : 
Mass. = : 
Magnetic Amplifier Regulated Power Supply. Model MR1032-50 is rated : 
at 10-32 volts d.c. at 50 amp. continuously with magnetic amplifier regula- = 5 
tion of Perkin Engineering Corp., 345 Kansas St., El Segundo, Calif. =a : 
° Relay Data File. Contains specifications and photographs of 42 relay types. 2 =| 7. : # 
ll Price Electric Corp., Frederick, Md. 
Radar Altimeter. Keeps pilot informed at all times of his height above the 3 = = 2 3 
Ir surface of the earth (not sea level). Raytheon Mfg. Co., Waltham, Mass. oo wu § fr 
” High Temperature Electrical Connector. Carries vital circuits through aircraft a a < 2 9 = E 
fire walls, and other high ambient areas. Scintilla Div., Bendix Aviation ' ” 
dj Corp., Sidney, N.Y. 
Subminiature Trimmer Potentiometers. These !/,-0z. units are 1/2” in diam- Pm 2 > 
0. eter by approximately 1” long exclusive of shaft. The Technology Instru- ch) BE 
ment Corp., Acton, Mass. Qu re) Oo 
s, Miniature Circular Connectors. Polarizing is accomplished by means of a 5 
keyway in the receptacle. Viking Electric, 1061 Ingraham St., Los Angeles 3 < = 3 
17, Calif. > Og 
3 
Transductor Magnetic Amplifier. Eight-page technical booklet No. TD = QO 2 HE 3 z 
52-601. Westinghouse Electric Corp., P.O. Box 2099, Pittsburgh 30, Pa. 3 . 5 Or $222". 
“Wheelco”’ Instruments for Industrial Process Control Application. Descrip- | G Bz 
tive bulletin No. F 5633-1. Wheelco Instruments Div., Barber-Colman Co., | 9 Oo = =O 
Rockford, Ill. | Z 
Repeat Cycle Electronic Timers. Provide on-cycles ranging from 0.01 to 150 = Se 
seconds, and off-cycles ranging from 0.01 to 900 seconds. Bulletin No. 353. ' 
d- G. C. Wilson & Co., 1950 Eighth Ave., Huntington, W.Va. 1 anal 
id 
PRODUCTION & MAINTENANCE EQUIPMENT : 
& 
ors Mobile Heater. Provides temporary heating for hangars and large sheds and i z, , 
of also preheats engines. Besler Corp., Oakland, Calif. & =I | 
1954 “‘Calrod’? Heating Catalog. This 60 page booklet No. GEC-1005E de- 
scribes all types of industrial heaters and heating devices. General Electric : 
the Co., 1 River Rd., Schenectady 5, N.Y. 
the Heavy Duty Cold Chamber Type Die Casting Machine. Model HD-303 is 8 Zz. ie: 
‘Pes particularly adapted to casting aluminum alloys at high speed from either Lael : 
single or multiple cavity dies. Harvill Mfg. Co., Corona, Calif. 5 O & 
PI Milling Cutter. Permits simultaneous milling of multiple slots in a magnesium _ rd ae 
I-T-E Circuit Breaker Co., Special Products Div., Philadelphia, 
nd a. H 
ity, Gas Engine Power Unit. For servicing aircraft with either 12- or 24-volt E a - Pie 
electrical systems. Bulletin MGC-107. Motor Generator Corp., W. Water i & ~ be: 
ac- St., Troy, Ohio. eq 
an- Emergency Lighting Unit. Model 200 X provides 10,000 candle power or cmt cmt Gag eee 
more of emergency lighting which automatically illuminates large areas 
sms during power failures. Sentry-Lite, 55 Front St., Rockville Centre, N.Y. 
Automatic Flush Riveting Machines. Designed for rapid joining of high-ten- 2 
rols sile strength aluminum alloys such as 24ST81, 24ST86, 75ST6, and 78ST6. 236 : 
Hive T. W. & C. B. Sheridan Co., 135 Lafayette St., New York 13, N.Y. 4 ae ; 2 
ies. Glass Cloth Photo-Template Material. For use in mapping, tooling, lofting, == 
plane table surveying, etc. Tru-Scale Engr. Supply Co., Wichita, Kan. 3 5 
ires Mold Release. Type V-1 for injection molding of all thermoplastics. Vin- 
ton Rock, Inc., 8211 Almira Ave., Cleveland 2, Ohio. ' 
ting Z z 
| 5 — | & 
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RESEARCH & TEST =QUIPMENT 


“S” Band Wavemeter. Model 229 is a coaxial-line type instrument covering ” 
the frequency range from 2.3 to 4.5 KMC. Amerac, Inc., Wenham, Mass, 


Universal Electrical Calibrating Instruments. Have wide capacity ranges for 
calibrating and proving testing machines and other measuring equipment 
under loads in both tension and compression. Baldwin-Lima-Hamilton 
Corp., Philadelphia 42, Pa. 

Climate-Survey Temperature Indicators. These instruments can be used with 
various sensing-element arrangements including aspirated shields, probes, 
aircraft wing-mounted shields, perforated and Thornthwaite shields. Beck~ © 
man & Whitley, Inc., 902 E. San Carlos Ave., San Carlos, Calif. 


Digital Differential Analyzer Computer. Utilizes the decimal numbering sys- 
tem in both programming and in calculating solutions. Bendix Computer 
Div., 5630 Arbor Vitae, Los Angeles, Calif. : 


Small Portable Environmental Chambers. Working areas of 1 to 64 cu. ft. 9 
Conrad, Inc., Holland, Mich. ‘ 


Automatic Wave Analyzer. Provides Fourier analysis of vibration and similar 


data. Bulletin No. 54-C. The Davies Laboratories, Inc., 4705 Queensbury * 
Rd., Riverdale, Md. 


Electronic Temperature Controller. Suitable for use in laboratory work.” 
Fielden Instrument Div., Robertshaw-Fulton Controls Co., 2920 N. 4th § 
St., Philadelphia, Pa. 


High Speed G-Accelerator. Capable of testing accelerometers and other” 


instruments under acceleration forces up to 850 G’s. Genisco, Inc., 2233 
Federal Ave., Los Angeles 64, Calif. 


Low-Head Type Differential-Pressure Pneumatic Transmitter. For measuring 
liquid fuels, and the automatic control of fuel-air ratio. Bulletin No. 2753. 
Hagan Corp., Pittsburgh, Pa. 

Ring Balance Meter Signal Transmitter. For remote metering and control 
applications including control installations requiring reset, remote adjust- 
able set point, and rate action. Hagan Corp., Pittsburgh, Pa. ; 

Remote Area Monitoring System. For radiation measurements. Jordan 
Electronic Sales, 119 E. Union St., Pasadena, Calif. 


Supersonic Machmeter. This instrument has a range from Mach Number 1 
0.7 to 3.0, and from sea level to 80,000 ft., or up to three times the speed of 
sound. Kollsman Instrument Corp., 80-08 45th Ave., Elmhurst, N.Y. 


Magnetic Recording of Information. Four-page illustrated pamphlet on ~ 
“‘Airfloating."’ Logistics Research, Inc., 141 S. Pacific, Redondo Beach, 
Calif. 


Pressure Gauge Catalog. 124 pages on Ashcroft pressure gauges, gauge acces- 
sories, and gauge engineering information. Manning, Maxwell & Moore, 
Inc., Stratford, Conn. 

Automatic Pen-Lifting Device. Designed for single-record strip chart re- 
corders. Minneapolis-Honeywell Regulator Co., Industrial Div., Phila- 
delphia, Pa. 

Electronik Duplex Function Plotter. This electronic instrument automatically 
measures two variable conditions and simultaneously plots their relation- 


ship to a third. Minneapolis-Honeywell Regulator Co., Industrial Div., 
Philadelphia, Pa. 


High-Speed Digital Magnetic Tape Handler. Model 902 applications include 
storage of telemetered data for use in computers. Potter Instrument Co., 
115 Cutter Mill Rd., Great Neck, N.Y. 


Electrolimit Universal Internal Comparator. Model ‘‘D"’ designed for accuracy 
in the checking of internal diameters from '/:¢” to '/,” inclusive. Sixteen- 
page bulletin available. Pratt & Whitney Div., Niles-Bement-Pond Co., 
West Hartford 1, Conn. 


Oscillographic Recording Systems and Accessories. Thirty-eight page de- 
scriptive catalog. Sanborn Co., Industrial Div., 195 Mass. Ave., Cambridge 
39, Mass. 


“Some Design Considerations for Liquid Rotor Angular Accelerometers.” 
Four-page folder entitled, ‘‘Instrument Notes.’’ Statham Laboratories, 
Inc., 12401 W. Olympic Blvd., Los Angeles 64, Calif. 


Explosion Test Chambers. Descriptive four-page bulletin. Tenney Engineer- 
ing, Inc., 26 Ave. B, Newark 5, N.J. 
Dual Recording Milliammeter. This portable 15'/,-lb. recorder utilizes mag- 


netic fluid clutches as the basic component of the meter movements. Texas 
Instruments, Inc., 6000 Lemmon Ave., Dallas 9, Tex. 


“Electodyne’’ Electronic Balancing Machines. Automatically measures the 
amount and indicates the angular location of unbalance by means of elec- 
tronics. Descriptive bulletin No. 49. Tinius Olsen Testing Machine Co., 
3012 Easton Rd., Willow Grove, Pa. 


Method of Checking Materials Uniformity. This ultrasonic testing system 
indicates the physical properties of materials and detects flaws and minute 
defects. Vibro Ceramics Corp., Metuchen, N.J. 

Test Chamber. Model A-30-40FH is designed for large capacity testing at 
temperature range between —40°F. to +200°F. Webber Mfg. Co., Inc., 
Dept. 361, 2740 Madison Ave., Indianapolis 3, Ind. 
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